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DEPARTMENT  OF  THE  INTERIOR 

BUREAU  OF  LAND  MANAGEMENT  1737-01 

BLM  MANAGERS  COURSE  GUIDE 


1. 

Course  Title: 

Riparian  Management 

2. 

Duration  of  Course: 

7 days 

3. 

Program  Office: 

WO-220 

4. 

Class  Limit: 

40  - 50 

5. 

Course  Coordinator: 

R.  Krapf  , TC-200 

6.  Performance  Objectives  (the  measurable  performance 

expected  from  trainees  upon  completion  of  training) : 


Trainees  will  be  able  to  create  a plan  for  protection  and 
/or  restoration  of  riparian/wetland  systems  using  an 
interdisciplinary  approach  by: 

a.  Applying  an  understanding  of  natural  processes, 
functions  and  values. 

b.  Developing  sound  resource  objectives. 

c.  Applying  management  strategies  and  actions. 

d.  Monitoring  and  evaluating  the  results. 

7.  Brief  Description  of  Course:  This  course  is  the  result 

of  combining  two  previous  course,  1737-01  "Coordinated 
Riparian  Management"  and  1737-03  "Applied  Riparian 
Management".  Trainees  will  spend  3 1/2  days  in  class  and 
3 days  in  the  field.  Trainees  will  be  placed  in  groups 
for  field  exercises.  Each  group  will  present  a report 
containing  the  identification  of  problems  within  the 
target  area,  a list  of  objectives,  recommended  management 
actions,  and  a monitoring  plan. 

8.  Target  Group:  All  employees  involved  in  riparian 

management  including  renewable  resources  specialists, 
recreation  planners,  cultural  resource  specialists, 
surface  protection  specialist,  managers,  etc.  We  welcome 
specialists  from  other  agencies  and  interest  groups. 

9.  Remarks:  This  course  begins  in  the  middle  of  the  week  and 

runs  through  the  weekend,  with  Sunday  off.  It  will  be 
held  at  various  locations  upon  request  by  states.  The 
Salem  session  was  modified  to  meet  Western  Oregon  needs. 


10.  Course  Schedule: 

April  19  -26,  1995  at  Salem,  Oregon 


COURSE  OUTLINE  FOR  1737-1,  RIPARIAN  MANAGEMENT 
SALEM,  OREGON,  APRIL  19  - 26,  1995 

WEDNESDAY,  APRIL  19,  1995 

I.  Introduction,  Course  Objectives,  Expectations  and  Welcome  (8:00  am  - 9:15  am) 

A.  Introduction  and  Course  Objectives 
Russ  Krapf,  NTC 

Time:  8:00  am  - 8:1 5 am 

Objectives:  Trainees  will  develop  a working  understanding  of  riparian  processes  and 
functions  for  use  in  watershed  analysis,  project  planning,  NEPA,  project 
implementation  and  project  monitoring 

B.  Expectations 
Russ  Krapf,  NTC 

Time:  8:1 5 am  - 8:45  am 

C.  Welcome 

Hugh  Barrett,  OSO 
Time:  8:45  am  - 9:00  am 

Break  (9:00  am  - 9:15  am) 

II.  Values  of  Riparian/Wetland  Systems 

Presenter:  Wayne  Elmore,  Prineville  DO 
Time:  9:1 5 am  - 10:1 5 am 

Objective:  Be  able  to  describe  the  importance  and  values  of  riparian/wetland  systems. 

A.  Define  riparian/wetland  systems 

1.  BLM's  definition  (1989  Jurisdictional  Manual) 

2.  What  is  our  responsibility  for  management. 

3.  Examples  of  other  ways  or  definitions 

a.  Contrast/compare  with  other  definitions,  i.e,  Clean  Water  Act,  EPA, 
USFS,  USFWS,  States 

b.  Common  language,  features,  functions  (see  Western  State  Riparian 
Council  Publication) 

B.  Discuss  values  and  uses 

1 . Identify  through  group  discussion 

a.  As  means  to  develop  appreciation/awareness  of  other 
discipline/persons  values. 

Introduce  need  for  ID  approach 


2. 


B.  (Continued) 

a.  Because  of  values  listed  above 

b.  Differences  between  Multi-  vs  Interdisciplinary  approaches. 

3.  Social  Values 

III.  Historical  Aspects 
Presenter:  Bob  Beshta,  OSU 
Time:  10:1 5 am  - 1 1 :00  am 

Objective:  Inform  the  trainees  on  both  natural  processes  and  historical  management  tha' 
have  had  an  influence  on  riparian  zones  in  the  Pacific  Northwest. 

A.  Broad  base  region  aspect 

B.  Examples  of  site  and  watershed  specific  examples  in  Western  Oregon:  Fire, 
Landslides,  Roading,  Timber  Harvesting  and  Splash  Damming. 

Break  (1 1:00  am  - 1 1:15  am) 

Lunch  (12:00  pm  - 1 :00  pm) 

IV.  Watershed  Processes,  Functions  and  Components 

Objectives:  Be  able  to  describe  the  processes  and  functions  operating  within  a watershec 
and  linkage  to  riparian  areas  which  promote  capture,  storage,  and  safe  release  of  water. 

A.  Introduction  to  Watershed  Ecosystems 
Presenter:  Stan  Gregory,  OSU 

Time:  1 :00  pm  - 1 :45  pm 

1.  Define,  include  scope,  size  and  components 

2.  Ecosystem  Management 

a.  How  watershed  concept  fits  in  or  with  the  Ecosystem  Management. 

b.  Introduction  to  linkage;  headwaters  to  estuaries 

B.  Upland  Processes  and  Hydrologic  Cycle 
Presenter:  Julia  Jones,  OSU 

Time:  1:45  pm  - 2:30  pm 

1.  Climate  (precipitation  patterns,  timing,  intensity,  and  duration,  temperature, 
and  alteration  of  the  hydrologic  cycle  by  management) 

2.  Infiltration,  Percolation,  Storage,  and  Release 

3.  Dynamics  over  time  and  space 

4.  Function  of  Soils  in  riparian  areas 

5.  Geomorphic  events  that  shape  riparian  systems  in  terms  of  upland  hillslope  (, 
processes 
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Break  (2:30  pm  - 2:45  pm) 

C.  Riparian  Processes 
Presenter:  Stan  Gregory 
Time:  2:45  pm  - 3:30  pm 

1 . Community  Dynamics 

2.  Functions 

a.  Shading 

b.  Bank  Stability 

c.  Sediment  Storage 

d.  Energy  Dissipation 

e.  Water  Storage 

3.  Relationship  of  existing  vegetation  to  fire  history  and  management 

D.  Channel  Processes 
Presenter:  Julia  Jones 
Time:  3:30  pm  - 4:15  pm 

1 . Fluvial  Geomorphology 

2.  Relationships  to  Riparian  Process  & Function 

E.  Dynamics  of  Riparian  Ecosystems  and  Summary  of  Current  Knowledge  on  Riparian 
Area  Management  in  the  Pacific  Northwest 

Presenter:  Stan  Gregory 
Time:  4:15  pm  - 5:00  pm 

1.  The  ecosystem  in  terms  of  managing  riparian  areas. 

2.  Perspective  on  use  of  data  for  making  management  decisions  concerning 
riparian  areas. 

3.  Perspectives  on  management  opportunities  currently  being  employed  in  the 
region 

a.  Roads 

b.  In  Channel  Structures 

c.  Riparian  Vegetation  Manipulation 


THURSDAY,  APRIL  20,  1995 


V.  Capability,  Potential  Natural  Condition  and  Future  Desired  Condition 

Objective:  Given  a scenario,  be  able  to  assess  the  capability,  potential,  and  condition  of 
riparian/wetland  system. 

A.  Define  Capability  and  Potential 
Presenter:  Don  Prichard,  SC-213 
Time:  8:00  am  - 8:15  am 

1.  Provide  history  of  BLM's  policy  involving  Riparian  Condition  Classification 

2.  Relate  to  future  desired  condition 

B.  Define  Proper  Functioning  Condition 
Presenter:  Don  Prichard 

Time:  8:1 5 am  - 9:00  am 

1.  Define  Lotic  and  Lentic  Systems 

2.  Define  Non-Functioning,  Functioning  at  Risk  and  Unknown 

3.  Relate  to  future  desired  condition 

Break  (9:00  am  - 9:15  am) 

C.  Process  to  Determine  Capability,  Potential  and  Assess  PFC. 

Presenter:  Don  Prichard 

Time:  9:15  am  - 10:45  am 

1.  Establish  limiting  factors  (physical,  biological,  social,  economic) 

2 Determine  operable  elements  (soil,  vegetation,  water,  climate,  Etc.) 

Break  (10:45  am  - 1 1 :00  am) 

D.  Desired  Community 
Presenter:  Don  Prichard 
Time:  11:00  am  - 11:15  am 

E.  Introduction  to  the  ESI  System 
Presenter:  Don  Prichard  and  Chester  Novak 
Time:  11:15  am  - 12:00  pm 

1.  Introduction  to  ESI  as  a BLM  system  relates  to  PFC. 

2.  Existing  information  can  be  pulled  into  this  process  of  ESI 
(Review  of  how  ESI  is  used  in  the  Salem  District) 


E. 


(Continued) 


3.  Applicability  to  watershed  analysis  and  projects  development 

Lunch  (12:00  pm  - 1:00  pm) 

Resource  Objectives 

Presenter:  Jim  Wolf,  Worland  D.O. 

Time:  1:00  pm  - 2:30  pm 

Objective:  Students  will  be  able  to  prepare  realistic  interdisciplinary  resource  objectives. 

A.  Discuss  resource  objectives  there  importance  and  need. 

B.  Explain  relationship  to  land  use  plan. 

C.  Discuss  relationship  between  goals,  objectives  management  strategy,  management 
prescriptions  and  tools. 

D.  Describe  attributes  of  sound  resource  objectives, i.e.  measurable,  site  specific, 
realistic,  achievable  within  a given  time  frame,  simple  and  understandable. 

E.  Describe  need  to  incorporate  desired  community  concept  in  objectives 
development. 

F.  Discuss  five  guidelines  for  a good  objective 

1.  What  is  to  be  accomplished 

2.  State  the  Component  that  needs  to  be  changed 

3.  State  the  amount  of  change  desire  within  a beginning  and  ending  point 

4.  Identify  locating  where  objective  is  to  be  accomplished. 

5.  Set  a time  frame  for  accomplishment  (years,  etc.) 

G.  Provide  some  examples  both  good  and  bad. 

H.  Exercise:  Provide  several  versions  of  an  objective  to  dealing  with  a resource 
management  issue  (ranging  from  excellent  to  poor).  Ask  trainees  to  rank  best  to 
poorest. 


Break:  2:30  pm  - 2:45  pm 


VII.  Aquatic  Conservation  Strategy  Objectives 


Objective:  Students  will  be  able  to  understand  the  background  and  intent  of  the  Aquatic 
Conservation  Strategy  Objectives  in  relation  to  Riparian  Management.  Be  able  to 
understand  the  implications  of  the  T&E  listing  in  relation  to  riparian  management. 

A.  Aquatic  Conservation  Strategy  Objectives  For  Riparian  Areas 
Presenter:  Gordon  Reeves,  Forest  Sciences  Lab 

Time:  2:45  pm  - 3:15  pm 

1.  The  background  and  intent  of  Aquatic  Conservation  Strategy  objectives  for 
riparian  areas  in  relation  to  the  aquatic  resource. 

2.  Implications  of  T&E  species  status  in  "active  management"  of  riparian  zones 
within  the  PNW  (i.e.,  use  Columbia  Basin  experience  PACFISH) 

B.  Contrasting  PFC  and  Aquatic  Conservation  Strategy  Objectives 
Presenter:  Don  Prichard  and  Gordon  Reeves 

Time:  3:15  pm  - 3:45  pm 

1.  Similarities  and  dissimilarities  in  methods  and  goals. 

2.  Aquatic  Conservation  Strategy  --  (longterm,  PFC  , Shortterm  70  percent  by 
1977.) 

C. .  Open  Panel  forum  (3:45  pm  - 4:30  pm)  on  questions  and  answers  on  PFC,  Aquatic 

Conservation  Strategy  Objectives,  Record  of  Decision,  and  Riparian  Initiative  and 
Oregon  BLM  Riparian  Program.  ( Respond  to  questions  written  down  by  trainees) 
(Panel  Members:  D.  Prichard,  H.  Barrett,  G.  Reeves  ) 

FRIDAY,  APRIL  21,  1995 

VIII.  Trip  to  Tillamook  to  view  Riparian  Management  Projects 
Presenter:  Val  Crispin  and  George  Krall 
Time:  (9:15  am  - 6:00  pm) 

Objective:  Trainees  will  be  able  to  identify  and  understand  strategies  which  have  been 
used  in  riparian  management. 

A.  Speaker  will  tie  success  and  failures  back  to  processes  and  function. 

B.  Review  objectives  and  management  opportunities  to  reach  objectives. 

C.  Suggestion:  Pre-course  assignment  where  participants  or  other  experts  are  ask  to 
submit  a success  or  non-success  stories  from  their  district  or  area.  Course 
coordinators/instructors  could  select  3-4  and  ask  participants  or  others  to  make  ,i 
presentation  on  each.  Someone  could  facilitate  a discussion  on  why  successes 
were  realized  tying  back  to  process  and  function. 


SATURDAY,  APRIL  22,  1995 


IX  MONITORING  AND  EVALUATION 

Presenter:  Lee  McDonald,  Colorado  State  University 
Time:  8:00  am  - 9:15  am 

Objective:  Trainees  will  be  able  to  select  and  tailor  various  monitoring  techniques  to 
evaluate  progress  toward  achieving  objectives  in  riparian  areas. 

A.  Introduce  Guidelines  book:  inventory  vs.  monitoring 

B.  Legal  background  (water  quality  standards,  designated  beneficial  uses, 
antidegradation,  etc.) 

C.  Types  of  monitoring 

D.  Designing  a monitoring  project 

Break  (9:15  am  - 9:30  am) 

E.  Sources  of  variability,  statistics,  stratifications,  and  scale  considerations 
^ Break  (10:45  am  - 1 1 :00  am) 

F.  What  are  the  key  parameters  to  monitoring  for  "riparian  health" 

G.  Trade-offs  between  upland,  riparian,  or  aquatic  components 

H.  Watershed  analysis,  existing  programs,  crystal-ball  gazing 

I.  Discuss  what  the  results  means  an  how  it  relates  to  current  practices 

Lunch  (12:00  pm  - 1:00  pm) 

X.  INTERDISCIPLINARY  PROCESS  AND  PUBLIC  INVOLVEMENT. 

Presenter:  Howard  Hunter,  Salem  District 
Time:  1:00  pm  - 2:30  pm 

Objective:  Trainees  will  be  able  to  define  the  5 step  ID  process  incorporating  public 
involvement  to  protect  and  restore  riparian/wetland  areas. 

A.  Describe  ID  Concept 

1 . Discuss  ID  Teams 

a.  Why  is  ID  team  necessary  - No  one  has  all  the  knowledge  needed  to 
make  proper  decisions. 

b.  What  specialties  are  required  - how  is  this  team  determined.  Are  all 
disciplines  required;  i.e.,  no  fish  is  fisheries  biologist  needed. 

\ c.  Explain  group  dynamics  and  synergy  (from  1965  per  Zimmer 

Workbook) 

1.  Forming 


A. 


(Continued) 


2.  Storming 

3.  Norming 

4.  Preforming 

d.  Or  an  equivalent  approach 

2.  Provide  a brief  overview  of  the  ID  Process 

a.  Direction  the  Bureau  is  heading  and  why. 

b.  Five  step  process 

1.  Scoping 

a.  Interviewing  the  Public 

2.  Objectives 

3.  Management  Actions 

4.  Monitoring 

5.  Evaluation/revision 

B.  Public  Involvement  in  Relationship  to  Environmental  Assessment  and  Watershed 
Analysis 

1.  Value  and  need  - mention  requirements  of  laws 

2.  When  and  How  you  involve  the  public 

3.  Who  should  be  involved 

4.  Brief  description  of  various  concepts  now  in  use  - list  pro's  and  con's  of  each 

5.  Examples  of  successful  efforts  - videos  or  testimonials 

6.  Personnel  interviews  (How  to  conduct  to  get  the  most  out  of  them  for 
information  in  watershed  analysis,  etc. 

Break  (2:30  pm  - 2:45  pm) 


GPS  as  a Tool 

Presenter:  Tom  Howie,  USFS 
Time:  2:45  pm  - 5:00  pm 


Objective:  Present  basic  information  on  GPS  and  demonstrate  how  it  can  be  used  in 
riparian  and  watershed  management 


A.  Basic  Information  Concerning  the  systems 

B.  Limitations  of  systems 

Break  (3:45  pm  - 4:00  pm) 


I 


C.  Applications 


SUNDAY,  APRIL  23,  1995  DAY  OFF 
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MONDAY,  APRIL  24,  1995 


XII.  Field  Station  Exercises  (Parker  Creek) 


Presenters: 

Bob  House 
Joe  Furnish 
John  Applegrath 
Stan  Gregory 
Julia  Jones 
Don  Prichard 
Tom  Howie 


(Fisheries) 

(Macros) 

(Amphibians) 

(Riparian  Ecology) 

(Hydrology/Fluvial  Geomorphology  / Soils) 
(PFC) 

(GPS  Applications) 


Time:  7:00  am  - 5:00  pm 

Objective:  To  reintroduce,  illustrate  and  discuss  in  a field  setting  the  principles  of  process 
and  function  within  riparian  zones  and  their  implications  to  beneficial  uses. 

\ 

TUESDAY,  APRIL  25,  1995 


XIII.  Group  Field  Exercise  and  Report  Preparation  (Mill  Creek) 

Time:  7:00  am  - 5:00  pm 

Objective:  Give  the  students  to  apply  information  the  have  gained  from  the  course  and 
field  trip  to  an  actual  field  situation.  Given  a case  study  watershed  analysis  with 
management  opportunities  for  this  reach,  design  a "implementation  plan"  which  would 
include  specific  projects  within  the  reach.  This  should  be  done  in  an  interdisciplinary  team 
process  and  include  a task  list  which  include  a range  of  items  from  project  identification 
through  monitoring,  this  implementation  plan  should  be  related  to  original  issues  and 
questions.. 

A.  Group  Field  Exercise 
Time:  7:30  am  - 3:00  pm 

B.  Report  Preparation 
Time:  3:00  pm  - 5:00  pm 


WEDNESDAY,  APRIL  26,  1995 


XIV.  The  Future  of  Western  Oregon  Riparian  Condition  and  Management 
Presenter:  Gordon  Grant,  Forest  Sciences  Lab 

Time:  8:00  am  - 8:45  am 

Objective:  To  provide  a trend  analysis  of  riparian  condition  and  management  over  short 
and  long  term 

A.  Make  predictions  concerning  the  future  condition  of  riparian  areas. 

B.  Other  issues  which  might  influence  riparian  areas. 

XV  BLM  Western  Oregon  Riparian  Program  and  Partnerships 
Presenter:  Hugh  Barrett,  OSO 
Time:  8:45  am  - 9:15  am 

Objective:  To  introduce  the  trainee  to  the  Western  Oregon  BLM  Riparian  Program.  To 
introduce  the  trainees  to  the  advantages  of  developing  partnerships  with  other  agencies, 
interest  groups,  and  the  public. 

A.  Past,  Present,  and  Future  of  Western  Oregon  BLM  Riparian  Program. 

B.  History  of  existing  partnerships  (List  Partnerships) 

C.  Some  of  the  hazards  to  avoid 

D.  What  makes  a good  partnership 

E.  Challenge  Cost  Share 

Break  (9:15  am  - 9:30  am) 

XV.  Group  Presentations  and  Discussion 
Presenter:  Groups 

Time:  9:45  am  - 11:30  am 

Objective:  Give  the  students  forum  to  present,  discuss,  and  evaluate  data  from  field 
exercise. 

XVI.  Close  Out  and  Evaluations 
Presenter  Russ  Krapf,  NTC 
Time:  11:30  - 12:30  pm 

Objective:  Provide  students  an  opportunity  to  evaluate  and  comment  on  the  course. 

A.  Evaluation 

B.  Certificates. 


Course  Roster 


Course : 
Location : 
Date : 


1737-1,  Riparian  Management 
Salem,  Oregon 
April  19  - 26,  1995 


******************  **************************************** 


1. 

Scott  Abdon 

42. 

Dave  Rosling 

2. 

Kirk  Appleman 

43. 

Robert  Ruediger 

3. 

Steve  Bahe 

44. 

Peter  Schay 

4 . 

Steve  Baldwin 

45. 

Daniel  Schlottman 

5. 

Dugan  Bonney 

46. 

Larry  Scholfield 

6. 

Sam  Caliva 

47. 

Julie  Knuro  Thiel 

7 . 

Dave  Calver 

48  . 

Tom  Tomczyk 

8 . 

John  Chatt 

49. 

Lynn  Trost 

9. 

Meredith  Childs 

50. 

Dennis  Turowski 

10. 

James  M.  Cook 

51. 

Sara  Worsham 

11.  John  Depuy 

12.  Karen  Dodge 

13.  Dana  Eckard 

14.  Ron  Exeter 

15.  Terry  Fennell 

16.  Effie  Frazier 

17.  Randall  K.  Gould 
18  Bill  Hatton 

19.  Patric  Hawe 

20.  Chuck  Hawkins 

2 1 . Amy  Haynes 

22.  Randall  Herrin 

23.  Robert  B.  Hershey 

24 . Claire  Hibler 

25.  D.  Scott  Hopkins 

26.  Walt  Kastner 

27.  Sabrina  Keen 

28 . Gary  A.  Licata 

29.  Wayne  D.  Logan 

30.  Mark  S.  Lowry 

31 . Vince  Mazeika 

32 . Bob  Mcdonald 

33 . Jon  Menten 

34 . Kerry  Murphy 

35.  Gregg  Nelson 

36.  J.  Michael  Oxford 

37.  Andrew  Pampush 

38 . Jon  Raby 

39.  Barbara  Raible 

40.  Robert  Ratchliffe 

4 1 . Dave  Roche 


UNIMPORTANT  FACTS 

(TBTB,  Red-Letter  Press, 1986) 

A cow's  sweat  glands  are  in  its  nose. 

Smokey  the  Bear's  original  name  was  HOT  FOOT  TEDDY. 

The  watch  pocket  in  pants  is  also  known  as  the  Fob. 

The  dot  over  the  letter  i is  called  a tittle. 

The  great  horned  owl  is  the  only  animal  that  will  eat  a skunk. 
Jaguars  are  scared  of  dogs. 

Toads  do  not  have  teeth. 

Almost  half  the  bones  in  your  body  are  in  your  hands  and  feet. 

A flamingo  can  only  eat  when  its  head  is  upside  down. 

Folding  money,  invented  by  the  Chinese,  was  first  made  of 
deerskin . 

A hockey  puck  weighs  0.38  lbs. 

Tuna  fish  swim  at  an  average  speed  of  9 miles  per  hour 
constantly.  They  never  stop  moving. 

The  only  domestic  animal  not  mentioned  in  the  Bible  is  the  cat. 

One  cord  of  wood  can  make  seven  and  one-half  million  toothpicks. 

There  are  three  words  in  the  English  language  with  two  u's  in 
consecutive  order  --  vacuum,  residuum,  and  continuum. 

Pluto,  the  Disney  dog,  was  originally  called  Rover. 

A female  African  elephant  can  be  pregnant  for  almost  two  years. 

Alaska  doesn't  have  any  counties. 

The  eggplant  was  a "mad  apple"  and  believed  to  be  poisonous  in 
the  1880s. 

The  space  between  you  nostrils  is  called  your  COLUMELLA.. 

Dog  meat  is  a delicacy  in  China.  So  is  bird's  nest  soup. 

Honey  is  used  in  antifreeze  mixes. 
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BIOGRAPHICAL  SKETCH 

Hugh  Barrett 
Oregon  State  Office 
P.O.  Box  2965,  (932) 
Portland,  Oregon  97208 

Office  Phone:  (503)  280-7051 
Fax  Number  : (503)  280-7021 

CAREER  EXPERIENCE 


YEARS 

POSITION  OR  ASSIGNMENTS  AND  LOCATIONS 

1991-Present 

Oregon  State  Riparian  Coordinator,  BLM,  Portland, 
Oregon 

1983  - 1991 

State  Range  Conservationist,  SCS,  Portland,  Oregon 

1979  - 1983 

Area  Range  Conservationist,  SCS,  Ephrata, 
Washington 

1976  - 1979 

Range  Conservationist,  SCS,  Minden,  Nevada 

1975  - 1976 

District  Conservationist,  Battle  Mountain,  Nevada 

1974  - 1975 

Range  Conservationist,  SCS,  Elko,  Nevada 

1973  - 1974 

Range  Conservationist,  SCS,  Wells,  Nevada 

1971  - 1972 

Student  Trainee  (Range  Con.)/  SCS,  Battle 
Mountain,  Nevada 

EDUCATION  (Degrees-Specialized  Training) : 


B.S. 

Range  Management,  Humboldt  State  University,  1973 

INTERESTS: 

Fishing  for  Salmon/Steelhead,  Home  Brewing 


(04/95) 


BIOGRAPHICAL  SKETCH 

Wayne  Elmore 
Prineville  District 
185  East  4th  St 
P.O.  Box  550 

Prineville,  Oregon  97754 

Office  Phone:  (503)  447-4115 
Fax  Number:  (503)  447-8798 


CAREER  EXPERIENCE 

YEARS  POSITION  OR  ASSIGNMENTS  AND  LOCATIONS 


1986  - Present  Oregon/Washington,  State  Riparian  Specialist, 


stationed  at  Prineville  District,  Prineville, 
Oregon. 

1974  - 

1986 

District  Wildlife  and  Fisheries  Biologist, 
Prineville  District,  Prineville,  Oregon 

1971  - 

1974 

District  Wildlife  Biologist,  Spokane  District 
Office,  Spokane,  Washington 

1968  - 

1971 

Resource  Area  Forester,  Spokane  District  Office, 
Spokane,  Washington. 

EDUCATION  (Degrees-Specialized  Training) : 

B.S.  Forest  Management,  Oklahoma  State  University 

Additional  Post  Graduate  Studies  in  Fisheries  and 
Wildlife  Management  1969  - 1983 

INTERESTS: 

Taxidermy,  Wood  Carving,  Hunting  and  Fishing 


(04/95) 


BIOGRAPHICAL  SKETCH 

Robert  House 
Idaho  State  Office 
3380  Americana  Terrace 
Boise,  Idaho  83706 

Office  Phone:  (208)  384-3154 
Fax  Number:  (208)  384-3083 


CAREER  EXPERIENCE 

YEARS  POSITION  OR  ASSIGNMENTS  AND  LOCATIONS 


1992  - Present 

1978  - 1992 
1977  - 1978 
1974  - 1977 

1971  - 1974 


Anadromous  Fish  Program  Lead,  Western  Fish  and 
Wildlife  Staff,  Boise,  Idaho 

District  Fish  Biologist,  Salem  District  Office 

District  Fish  Biologist,  Redding  District  Office 

Fish/Wildlife  Biologist,  USFWS,  Ecological 
Services,  Sacramento,  California 

Fish  Biologist,  USFWS,  Fishery  Research,  Ann 
Arbor,  Michigan 


EDUCATION  (Degrees-Specialized  Training) : 

B.s.  Fisheries,  University  of  Washington 

1 year  Graduate  Work,  Utah  State  University 

INTERESTS : 


Hunting,  Fishing,  Wildlife  Photography 


(04/95) 


BIOGRAPHICAL  SKETCH 

Tom  Howie , P . L . S . 

Gold  Beach  Ranger  District 
1225  South  Ellensburg  Avenue 
Gold  Beach , Oregon  97444 

Office  Phone:  (503)  247-6651 
Fax  Number:  (503)  247-2816 


CAREER  EXPERIENCE 

YEARS  POSITION  OR  ASSIGNMENTS  AND  LOCATIONS 

1986  - Present  Forest  Land  Surveyor,  Siskiyou  National  Forest, 

Region  6,  G.P.S.  Instructor 

1978  - 1986  Assistant  Land  Surveyor,  Siskiyou  National  Forest. 


EDUCATION  (Degrees-Specialized  Training) : 

Syracuse  Environmental  and  Technical  College  of 
Forestry 

Advanced  Cadastral  Survey,  Arizona  State 
University 


INTERESTS : 


Family,  Rafting,  Volunteer  Fire  Chief,  Hunting 


(04/95) 


BIOGRAPHICAL  SKETCH 

Howard  Hunter 
Salem  District  Office 
1717  Fabry  Road 
Salem,  Oregon  97306 

Office  Phone:  (503)  375-5667 
Fax  Number:  (503)  375-5646 

CAREER  EXPERIENCE 

YEARS  POSITION  OR  ASSIGNMENTS  AND  LOCATIONS 

1991  - Present  Resource  Operations  Manager,  Salem  District 


Office,  Salem,  Oregon 

1989  - 1991 

Plans  & Monitoring  Forester,  Salem  District 
Office,  Salem,  Oregon 

1988  - 1989 

EA  Team  Leader  for  Oregon  Trail  Interpretive 
Center,  Vale  District,  Baker  City,  Oregon 

1985  - 1988 

Plans  Forester,  Medford  District  Office,  Medford, 
Oregon 

1978  - 1985 

Forester,  Medford  District  Office,  Medford,  Oregon 

1981  - 1993 

Internal  Facilitator 

EDUCATION  (Degrees-Specialized  Training) 


B . A. 

Forestry,  Humboldt  State  University,  Areata, 
California 

Extensive  group  dynamics  & communications  training 
as  part  of  internal  facilitator  role. 

INTERESTS : 

Long  Distance  Bike  Touring,  Fishing,  Sleeping  in 
on  Saturdays 

(04/95) 


BIOGRAPHICAL  SKETCH 


Julia  Allen  Jones 
Department  of  Geosciences 
Oregon  State  University 
Corvallis,  Oregon  97331 

Office  Phone:  (503)  737-2441 
Fax  Number:  (503)  737-1200 


CAREER  EXPERIENCE 


YEARS 


POSITION  OR  ASSIGNMENTS  AND  LOCATIONS 


1992-  Present  Associate  Professor  with  tenure,  Department  of 

Geosciences,  Oregon  State  University 


1991-1992 


1990-1991 


Visiting  Associate  Professor,  Department  of  Forest 
Science,  Oregon  State  University,  National  Science 
Foundation  Visiting  Professorship  for  Women 

Associate  Professor  with  tenure,  joint  appointment 
with  Department  of  Geography  and  Environmental 
Studies  Program,  University  of  California,  Santa 
Barbara . 


1983-1990 


1980-1983 


Assistant  Professor,  joint  appointment  with 
Department  of  Geography  and  Environmental  Studies 
Program,  University  of  California,  Santa  Barbara. 

Research  Assistant,  Center  for  Energy  Policy 
Research,  Resources  for  the  Future,  Washington, DC . 


EDUCATION  (Degrees-Specialized  Training) 


B.A. 


M . A. 


Ph.D, 


Hampshire  College  (Amherst,  MA)  Economic 
Development,  1977. 

Johns  Hopkins  School  for  Advanced  International 
Studies  (Bologna,  Italy  and  Washington,  DC.)  1977 

The  Johns  Hopkins  University,  Department  of 
Geography  and  Environmental  Engineering 
(Baltimore,  MD)  , 1983. 


Professional  Memberships : 


Ecological  Society  of  America;  American 
Geophysical  Union;  Society  for  Conservation 
Biology;  Soil  Science  Society  of  America;  & 
International  Soil  Science  Society 


(04/95) 


BIOGRAPHICAL  SKETCH 


Louis  D.  "Lou"  Jurs 
Spokane  District  Office 
1103  N.  Fancher  Way 
Spokane,  Wa  99212 
Office  Phone:  (509)  536-1200 
Fax  Number:  (509)  536-1275 


CAREER  EXPERIENCE 


YEARS 
1994  - 

1990  - 

1985  - 
1984 

1982  - 1984 
1980  - 1981 


POSITION  OR  ASSIGNMENTS  AND  LOCATIONS 

Present  NRS0  Team  Leader  District  Special  Skills  Team: 
Ecosystem  Management  Coordinator,  Spokane  DO 


1994 

1990 


1979  - 
1976  - 

1973  - 
1971  - 

1966  - 

1962  - 


1980 

1979 

1976 

1973 

1971 

1965 


NRS-District  Wildlife,  Fisheries,  T/E  Coord; 
District  Riparian-Wetland  Coordinator,  Spokane  DO 

District  Wildlife  Biologist,  Spokane  DO. 

ADM-Operations,  Yuma  District  Office 

T/E  & Wilderness  Program  Lead,  Arizona  State 
Office 

Team  Co-Leader,  NPRA  Biological  Resource 
Assessment  Team,  Alaska  State  Office 

Region  10  Wildlife  Program  Lead,  USFS,  Juneau,  AK 

BLM  State  Biologist,  Alaska  State  Office, 
Anchorage 

Area  Manager,  BLM,  Folsom,  California 

District  Wildlife  Biologist,  California  Desert, 
Riverside,  California 

Range  Conservationist/Wildlife  Program  Coord, 
Susanville  District,  California 

Range  Conservationist  (Seasonal),  BLM  Winnemucca, 
Nevada 


EDUCATION  (Degrees-Specialized  Training) 

B.s.  Zoology,  University  of  Nevada,  Reno 

M.S.  Range  Ecology,  University  of  Nevada,  Reno 

INTERESTS:  Outdoor  Photography,  fishing,  hiking,  travel,  dog 

training,  microbrews 


(04/95) 


BIOGRAPHICAL  SKETCH 

Russ  Krapf 

BLM  National  Training  Center 
9828  N 31  st  Avenue 
Phoenix,  Arizona  85051-2517 

Office  Phone:  (602)  906-5503 

Fax  Number:  (602)  906-5577 


CAREER  EXPERIENCE 

YEARS  POSITION  OR  ASSIGNMENTS  AND  LOCATIONS 


1993 

- Present 

Soil,  Water  and  Air  Training  Coordinator,  BLM 
National  Training  Center,  Phoenix,  Arizona 

1986 

- 1993 

District  Soil  Scientist,  Phoenix  District, 
Phoenix,  Arizona 

1984 

- 1986 

District  Soil  Scientist,  Craig  District,  Craig, 
Colorado 

1978 

- 1984 

District  Soil  Scientist,  Burns  District,  Burns, 
Oregon 

1978 

Soil  Mapper,  Prineville  District,  Prineville, 
Oregon 

1976 

- 1977 

Lecturer,  Humboldt  State  University,  Areata, 
California 

EDUCATION  (Degrees-Specialized  Training) : 

1966 

B.A. 

General  Science,  California  Western  University, 
San  Diego,  California 

1969 

M.S. 

Agricultural  Chemistry  & Soils,  University  of 
Arizona,  Tucson,  Arizona 

1972 

Ph.D. 

Soils,  University  of  Idaho,  Moscow,  Idaho. 

INTERESTS: 


Reading,  Camping,  Traveling 


(04/95) 


BIOGRAPHICAL  SKETCH 

Chester  Novak 
Salem  District  Office 
1717  Fabry  Road 
Salem,  Oregon  97306 

Office  Phone:  (503)  375-5626 
Fax  Number:  (503)  375-5622 

CAREER  EXPERIENCE 

YEARS  POSITION  OR  ASSIGNMENTS  AND  LOCATIONS 

1990  - Present  District  Hydrologist,  Salem,  District,  Oregon 


1988  - 1990 

Soil  Scientist/Hydrologist,  Santiam/Clackamas 
Resource  Area,  Salem  District,  Oregon 

1983  - 1988 

Soil  Scientist,  Kemmerer  Resource  Area,  Rock 
Springs  District,  Wyoming 

1979  - 1983 

Soil  Scientist,  Big  Dry  Resource  Area,  Miles  City 
District,  Montana 

1978  - 1979 

Hydro-tech,  Deer  Lodge  National  Forest,  Montana 

1977  - 1978 

Inventory-tech,  Rio  Grande  National  Forest, 
Colorado 

EDUCATION  (Degrees-Specialized  Training) : 


A.A.S . 

Forest  Management,  Paul  Smiths  College,  New  York 

B.S. 

Forestry;  Watershed  Management,  University  of 
Montana,  Wildland  Hydrology  and  Soils 

INTERESTS: 

God,  wife,  kids,  fishing 


(04/95) 


BIOGRAPHICAL  SKETCH 

Don  Prichard 

Division  of  Applied  Resource  Sciences 
Branch  of  Biological  Sciences 
Service  Center,  SC-213 
Bldg.  50,  Federal  Center 
Denver,  Colorado  80225-0047 

Office  Phone:  (303)  236-0162 
Fax  Number:  (303)  236-3508 


CAREER  EXPERIENCE 


YEARS 


POSITION  OR  ASSIGNMENTS  AND  LOCATIONS 


1987  - present  Fisheries  Biologist,  BLM  Service  Center 
1977  - 1987 


1976  - 1977 
1975 

1971  - 1974 
1969  - 1970 


District  Fisheries  Biologist,  BLM  Canon  City 
District,  Colorado 

Fisheries  Biologist,  BLM  Colorado  State  Office 

Hospitalized 

Hatching  Trout  Farms 

Colorado  Division  of  Wildlife  Research 


EDUCATION  (Degrees-Specialized  Training) : 

1969  B.S.  Fisheries  Biology,  Colorado  State  University, 

Fort  Collins,  Colorado 

INTERESTS: 


Hunting,  Fishing,  Camping,  Videography, 
Photography,  Riparian  Management 


HISTORICAL  ASPECTS 


VALUES  OF  RIPARIAN /WETLAND  SYSTEMS 


WATERSHED  PROCESSES,  FUNCTIONS,  AND 

COMPONENTS 
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Site-specific  riparian  management  prescriptions  are  developed  after  basin 
management  objectlvea  for  riparian  areas  have  been  identified  by  the  planning  team. 
Delineating  the  boundarlea  of  the  riparian  management  rone  will  largely  determine  the 
effectiveness  of  subsequent  management  in  meeting  riparian  objectives. 
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Figure  3.  The  U.S.  Forett  Service  etreem  classification  system 
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Figure  2.  Major  lendforms  of  e river  valley.  AC  - active  channel;  FP  - floodplain; 

terrace.  HS  hillslope 
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Intermittent  Streams 

Streams  that  carry  water  most  of  the  year,  but  do  not  flow  during  part  of  summer.  In 
contrast  to  ephemeral  streams,  during  summer  low  flow  these  channels  are  obviously  dry 
stream  beds  (Fig  4| 
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Figure  6.  Movement  of  dissolved  nutrients  through  soil  into  the  subrootmg  zone  and 
subsequent  routing  downslope  through  the  rooting  zone  of  the  riparian  area 
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Figure  8 Aquatic  in*ect*.  such  as  this  caddisfly  larva,  are  common  food  items  for  fish 
l igure  7 Backwater  and  edge  habitat  created  by  wood  and  boulders  along  stream  streams  of  the  Willamette  National  Forest 
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Figure  10  Riparian  areas  are  essential  habitats  lor  (ish  eating  birds,  such  as  the  kingfisher 


The  same  complemty  and  diversity  of  vegetation  and  landform  also  provides  rich 
sources  of  many  types  of  food  Herbivores  encounter  a wide  array  of  herbaceous,  shrubby, 
and  woody  plants  in  riparian  areas  Species  as  diverse  as  deer,  snakes,  beavers,  bats. 
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Figure  15.  Patterns  of  river  valleys  dissecting  forested  landscapes  in  the  WNF.  Notice  the 
continuity  from  ridgelines  to  lower  valleys  along  the  stream  network 
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F'Oure  17  Riparian  corridors  m the  Willamette  National  Forest  connect  the  sequences  of 

different  valley  floor  landforms  and  associated  streamside  forest*.  Flour*  18.  Patchwork  of  timber  harvest  unlta  of  different  ages  connected  by  riparian 

corridors  within  a river  drainage 


Table  4a  Corridor  type*  used  to  maintain  connectivity  within.  Not*  that  types  V,  VI, 
and  VII  are  riparian  areas. 

Corridor  Type  Width  Management  Areas  LONG-TERM  CHANGES  IN  FORESTS 
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The  riparian  management  zone  should  include  the  entire  floodplain  Failure  to  do  so 
will  seriously  jeopardize  riparian  management  objectives  during  maior  floods  The  Forest 
Service  is  required  by  Executive  Orders  1 1988  and  1 1990  (FSM  2527  031  to: 
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Figure  26  Years  required  for  ecological  recovery  of  riparian  functions  after  timber  harvest 


Large  woody  debris  is  contributed  to  the  active  channel  or  lake  shoreline  by  adjacent 

Figure  27  Proportion  of  total  loading  of  woody  debris  from  the  riparian  forest  as  a function  riparian  forest  (Fig.  27).  A recent  study  of  streams  in  old-growth  forests  in  the  Cascades 

of  the  distance  from  stream  edge  (adapted  from  McDade  et  al.  1989).  and  Coast  Ran0®  found  that  90%  of  the  large  wood  in  the  channel  originated  within  92  feet 

of  the  stream  margin  (McDade  et  al  1989)  For  large  woody  debns  management  alone. 
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Figur*  30  Woody  debri*  In  riparian  araas  creates  critical  habitats  for  amphibians  and  other 
I igure  29  Beavers  are  common  residents  of  riparian  areas  along  streams  and  rivers  of  the  wildlife,  such  as  this  Pacific  giant  salamander 

Pacific  Northwest 
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Will»me(te  National  Forest 


Site  prescriptions  should  be  designed  to  achieve  basin  goals  and  long  term  Class  IV  streams 

conditions  desired  for  the  site  (Fig  33)  The  maior  components  of  riparian  management  for  All  other  intermittent  or  ephemeral  streams  that  do  not  meet  the  criteria  for  Class  I, 

specific  harvest  units  include  M.  or  III  streams 
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Active  Channel  and  Shoreline  Boundaries 
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i igure  34  Layout  of  a riparian  management  zone  along  a stream  with  complex  channel  and 
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Figure  38.  Natural  accumulations  of  woody  debris  in  a stream  in  the  Willamette  National 
Silviculture  Forest. 
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In  rare  instances,  residue  will  need  lo  be  removed  from  the  site  to  prevent  damage 
to  downstream  resources  or  impairment  of  water  quality.  Areas  with  shallow  soils,  unstable 
headwalls  or  tension  cracks  in  the  soil  surface  are  potentially  unstable.  Mass  failures  may 
originate  at  these  locations  Also,  decomposition  of  slash  in  low  gradient,  swampy  areas 
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Wetland.  Those  areas  periodically  inundated  by  surface  or  ground  water  They  support 
vegetation  or  aquatic  species  requiring  wholly  or  partially  saturated  soils  Wetlands  include 

Stream  Cleanout  Removal  ol  debris  from  streams  This  is  no  longer  considered  acceptable  marshes,  bogs,  sloughs,  potholes,  river  overflows,  mud  flats,  wet  meadows,  seeps  and 

management  sorinos 
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Watershed  A portion  of  at  the  forest  in  which  all  surface  water  drains  to  a common  point. 
Watersheds  can  range  from  a few  tens  of  acres  that  drain  a small  intermittent  stream  to 
many  thousands  of  acres  for  a stream  that  drams  hundreds  of  connected  intermittent  and 
perennial  streams 
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Suspension  and  Yarding 

Wara  corridors  located  away  from  stable  debris  accumulations  in  the  channel  and  floodplain?  Vegetation 

Was  there  significant  damage  to  buffer  strip  vegetation? 

Were  appropriate  volumes  of  downed  woody  debris  left  in  cable  corridors?  Canopy 
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Are  the  trees  in  stable  configurations? 
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How  many  individual*  of  each  species  were  counted? 
Whet  size  were  they? 
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Table  V 3 Relationship  between  distance  ol  tide  slope  and  hHlslope  angle  in  degrees 
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Physical  Processes  in  Watersheds 


Presenter:  Julia  Jones,  Oregon  State  University 

Hillslope  and  Channel  Processes  in  Forested  Landscapes 

I.  Factors  affecting  timing  and  magnitude  of  flood  events,  mass 
movement,  channel  changes: 

A.  Type,  amount  and  timing  of  precipitation 

1.  Rain 

2 . Snow 

B.  Storage  and  transport  of  water  in 

1.  Vegetation 

2.  Soils 

3.  Hillslopes 

4.  Hollows 

5.  Channels 

C.  Concept  of  water  budget: 

Inputs-Outputs  = Change  in  storage 

II.  Water  budgets  can  be  constructed  at  a range  of  spatial, 
temporal  scales: 

A.  Tree 

1 . Interception 

2.  Stemflow 

3.  Throughfall 

4.  Canopy  evaporation 

5.  Transpiration 

B.  Soil 

1.  Properties  of  polar  water  molecule 

2.  Cohesion/adhesion 

3.  Water  held  by  capillary,  osmotic  and  gravitational 
forces . 

4.  Saturation,  field  capacity,  wilting  point 

5.  Infiltration 

6.  Porosity 

7.  Permeability 

8.  Role  of  soil  texture 

9.  Role  of  soil  horizons,  impermeable  layers 

C.  Hillslope 

1.  Overland  flow 

2.  Saturated  subsurface  flow 

3.  Unsaturated  subsurface  flow 

4.  Saturated  overland  flow 

5.  Groundwater,  water  table 

6.  Role  of  impermeable  layers 

7 . Macropores 


D.  Zero-order  basin  (hollow)  (Pierson,  Dunne,  Dietrich) 

1.  Flow  concentration,  divergence 

2.  Hollows 

3.  Variable  source  area 

E.  First-order  channel 

1.  Open  channel  flow 

2.  Hyporheic  zone 

3.  Hydrograph 

4.  Valley  floor  width 

5.  Channel  slope 

III.  Fluvial  Geomorphology  (work  of  Gordon  Grant) 

A.  Variety  of  units  of  different  spatial  scales 

1.  Channel  unit 

2.  Reach 

B.  Stream  channel  classifications 

1.  Channel  slope 

2.  Type  of  bed  - bedrock,  sediment 

C.  Major  types  of  channels  in  forested  landscapes  of 
Western  Oregon 

1.  Steep  (>2%),  bedrock-controlled  or  boulder-bed 
first-order  channels 

2.  Less  steep,  pool-riffle  higher-order  channels 

IV.  Sediment  budgets  and  sediment  movement  on  hillslopes,  in 
channels  (work  of  F.J.  Swanson) 

A.  Depend  on 

1.  Prior,  immediate  water  content  and  temperature 

2.  Inherent  features  of  landforms,  soils 

B.  Types 

1.  Slow,  relatively  constant 

a.  Soil  creep 

b.  Sheetwash  erosion  (rare  in  Western  Oregon) 

2.  Faster,  more  episodic 

a.  Earthflows 

b.  Streamside  slides 

c.  Gullies-  new  channels  (ditches  and  culverts 
draining  forest  roads  in  W.  Oregon) 

3.  Most  rapid,  episodic 

a.  Debris  slides  (associated  with  forest  roads 
in  Western  Oregon) 

b.  Debris  flows 

C.  Effects 

1.  Removal  of  vegetation 

2.  Movement  of  large  wood 

3.  Sediment  transport 

4 . Channel  Morphology 


Physical  Processes  in  Watersheds 

Presenter:  Julia  Jones,  Oregon  State  University 

Management  Effects  on  Hillslopes  and  Channels  in  Forested 

Landscapes 

I.  Effects  of  clearcutting  and  roads  on  peak  flows  (work  of 

Julia  Jones,  Gordon  Grant) 

A.  In  small  basins 

1.  100%  clearcutting  and  25%  clearcut  with  roads  both 
increase  peaks  by  up  to  50%  in  first  5 years  after 
treatment 

2.  Peak  flows  are  still  25%higher  than  pre-treatment 
25  yrs  after  treatment 

B.  In  large  basins 

1.  Cumulative  cutting  at  rates  of  0.25  to  1%/year 
with  forest  roads  in  public  forest  lands  has 
increased  peak  flows  by  up  to  30%  of  1-yr  flow. 

II.  Effects  of  clearcutting  and  roads  on  low  flows  (work  of 

Hicks  et  al,  Julia  Jones,  Gordon  Grant) 

A.  In  small  basins 

1.  100%  clearcutting  and  25%  clearcut  with  roads  both 
increase  lowflows  by  ?%  in  first  5 years  after 
treatment 

2.  Lowflows  recover  to  pre-treatment  within  5 years 

3.  Lowflows  may  decline  to  significantly  lower  than 
pre-treatment  levels  within  10  -15  years  after 
treatment,  depending  on  relative  recovery  rate  of 
conifers,  shrubs,  and  riparian  (alder)  canopy 

B.  In  large  basins  (??  To  be  determined) 

III.  Effects  of  clearcutting  and  roads  on  hillslope  processes 

(work  of  F.J.  Swanson) 

A.  Small  basins 

1.  Debris  sliding  along  roads  is  up  to  100  times 
higher  than  background  forest  rate. 

2.  Debris  sliding  in  clearcuts  is  approximately  3 
times  higher  than  background  forest  rate 

B.  Landscape 

1.  Debris  sliding  rate  may  be  25%  higher  in  clearcut, 
roaded  landscape  (assuming  80  year  rotation)  than 
in  forested  landscape  with  200  yr  fire  rotation 
(assuming  10  yr  duration  of  debris  slide  effects 
in  both  cases) 


IV.  Effects  of  clearcutting  and  roads  on  channels,  riparian 
process  and  function  (work  of  Gordon  Grant) 

A.  Small,  first-order,  steep  bedrock  or  boulder-bed 

channels 

1.  Peak  flow  effects  likely  to  be  felt  only  for  >25 
yr  return  period  events  due  to  sediment 
limitation.  Hence  we  hypothesize  (but  have  not 
demonstrated)  small  peak  flow  effects  on  riparian 
process  and  function 

2.  Low  flow  effects  are  short-term,  similar  to  those 
created  by  a severe  fire. 

B.  Larger,  higher-order,  more  gently  sloped  channels 

1.  Effects  likely  to  be  felt  for  smaller,  perhaps  1 
to  5 yr  return  period  events  which  can  modify 
channel  morphology.  Hence  we  hypothesize  (but 
have  not  demonstrated)  moderate  to  possibly  large 
peak  flow  effects  on  riparian  process  and  function 
in  terms  of  higher  rates  of  bed  turnover,  riparian 
vegetation  turnover,  wood  movement. 

2.  Low  floe  response  not  yet  identified. 


CAPABILITY,  POTENTIAL  NATURAL  CONDITION  AND 

FUTURE  DESIRED  CONDITION 
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Section  V 

Capability,  Potential  Natural  Condition,  and  Desired  Future  Condition 

of  a 

Riparian-Wetland  Area 


Objective:  Given  a scenario,  trainees  will  be  able  to  assess  the  capability, 

potential,  and  condition  of  a riparian-wetland  area. 


Topic  Outline: 

A.  Classification 

1.  Background/History 

2.  Definition (s) 

a.  Capability 

b.  Potential 

3 . Lotic/Lentic 

B.  Assessing  Condition 

1.  Definition (s) 

a.  Proper  Functioning  Condition  (PFC) 

b.  Functional  - At  Risk 

c.  Nonfunctional 

d . Unknown 

2 . Process 

a.  Review  Existing  Documents 

b.  Analyze  the  Definition  (PFC) 

c.  Assess  Functionality 

1.  Attributes  and  Processes 

2 . Capability  and  Potential 

3 . Functioning  Condition 

4 . Checklist (s) 

5.  Class  Exercise (s) 
f . ESI 

C.  Instituting  the  Process  to  Acquire  Desired  Future  Condition 

D.  Tie  to  Watershed  Analysis 

E.  Wrap-Up 

1 . Reporting 
2 . ADP 


Handouts : 


TR  1737-9  & TR  1737-11 

Minimal  Riparian- Wetland  Functional  Checklist  (s) 
Riparian-Wetland  TR  Order  Form 
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Process  for  Assessing 
Proper  Functioning  Condition 

I.  Introduction 

The  Bureau  of  Land  Management  (BLM)  has  responsibility  for  269  million  acres  of 
public  lands  (USDI,  1992)  that  sustain  a variety  and  abundance  of  resources.  These 
resources  are  prized  for  their  recreation,  fish  and  wildlife,  cultural,  and  historic 
values,  as  well  as  their  economic  values,  and  for  such  uses  as  livestock  production, 
timber  harvest,  and  mineral  extraction.  Riparian-wetland  areas,  though  they  comprise 
less  than  9 percent  of  the  total  land  base,  are  the  most  productive  and  highly  prized 
resources  found  on  BLM  lands. 

Federal  policy  defines  wetlands  as  areas  that  are  inundated  or  saturated  by  surface 
or  ground  water  at  a frequency  and  duration  sufficient  to  support,  and  which, 
under  normal  circumstances  do  support,  a prevalence  of  vegetation  typically 
adapted  for  life  in  saturated  soil  conditions.  BLM  Manual  1737,  Riparian-Wetland 
Area  Management,  includes  marshes,  shallow  swamps,  lakeshores,  bogs,  muskegs, 
wet  meadows,  estuaries,  and  riparian  areas  as  wetlands. 

BLM’s  manual  further  defines  riparian  areas  as  a form  of  wetland  transition  between 
permanently  saturated  wetlands  and  upland  areas.  These  areas  exhibit  vegetation 
or  physical  characteristics  reflective  of  permanent  surface  or  subsurface  water 
influence.  Lands  along,  adjacent  to,  or  contiguous  with  perennially  and  intermit- 
tently flowing  rivers  and  streams,  glacial  potholes,  and  the  shores  of  lakes  and 
reservoirs  with  stable  water  levels  are  typical  riparian  areas.  Excluded  are  such 
sites  as  ephemeral  streams  or  washes  that  do  not  exhibit  the  presence  of  vegetation 
dependent  upon  free  water  in  the  soil. 

Riparian-wetland  areas  are  grouped  into  two  major  categories:  1)  lentic,  which  is 
standing  water  habitat  such  as  lakes,  ponds,  seeps,  bogs,  and  meadows,  and  2)  lotic, 
which  is  running  water  habitat  such  as  rivers,  streams,  and  springs. 

A.  Purpose 

The  Federal  Land  Policy  and  Management  Act  (FLPMA)  of  1976  directs  BLM  to 
manage  public  lands  in  a manner  that  will  provide  for  multiple  use  and  at  the  same 
time  protect  natural  resources  for  generations  to  come.  In  addition  to  FLPMA, 
numerous  laws,  regulations,  policies,  Executive  orders,  and  Memorandums  of  Under- 
standing (MOUs)  direct  BLM  to  manage  its  riparian-wetland  areas  for  the  benefit  of 
the  nation  and  its  economy. 

Under  BLM’s  mandate  of  multiple-use  management,  a variety  of  activities  such  as 
livestock  grazing,  timber  harvest,  mineral  extraction,  recreation,  and  road  and  trans- 
portation corridor  construction  takes  place  on  public  lands.  If  not  managed  correctly, 
these  activities  can  impact  the  quality  of  riparian-wetland  areas. 


1 


In  1991,  the  BLM  Director  approved  the  Riparian-Wetland  Initiative  for  the  1990’s, 
which  establishes  national  goals  and  objectives  for  managing  riparian-wetland  re- 
sources on  public  lands.  One  of  the  chief  goals  of  this  initiative  is  to  restore  and 
maintain  riparian-wetland  areas  so  that  75  percent  or  more  are  in  proper  functioning 
condition  (PFC)  by  1997.  The  overall  objective  of  this  goal  is  to  achieve  an  ad- 
vanced ecological  status,  except  where  resource  management  objectives,  includ- 
ing PFC,  would  require  an  earlier  successional  stage,  thus  providing  the  widest 
variety  of  vegetation  and  habitat  diversity  for  wildlife,  fish,  and  watershed 
protection.  This  objective  is  important  to  remember  because  riparian-wetland  areas 
will  function  properly  long  before  they  achieve  an  advanced  ecological  status.  The 
Riparian-Wetland  Initiative  for  the  1990’ s also  includes  a strategy  to  focus  manage- 
ment on  the  entire  watershed.  Entire  watershed  condition  is  an  important  component 
in  assessing  whether  a riparian-wetland  area  is  functioning  properly. 

In  the  past,  considerable  effort  has  been  expended  to  inventory,  classify,  restore, 
enhance,  and  protect  riparian-wetland  areas,  but  the  effort  has  lacked  consistency. 
The  purpose  of  this  document  is  to  provide  a thought  process  for  assessing  PFC  for 
riparian-wetland  areas  on  BLM-managed  lands. 

B.  Approach 

BLM  depicts  natural  riparian-wetland  areas  as  resources  whose  capability  and  poten- 
tial is  defined  by  the  interaction  of  three  components:  1 ) vegetation,  2)  landform/ 
soils,  and  3)  hydrology.  A few  resource  specialists  regard  fish  and  wildlife  as  a 
fourth  element  because  some  wildlife  species  may  alter  a riparian- wetland  area’s 
capability  and  potential.  However,  most  classifiers  categorize  fish  and  wildlife  as  a 
“user,”  but  place  wildlife  species  that  can  alter  the  capability  and  potential  of  a ripar- 
ian-wetland site  (i.e.,  beaver)  as  a special  modifier  under  the  hydrology  component. 
BLM  takes  this  approach  in  its  inventory  and  classification  system,  Ecological  Site 
Inventory  (ESI). 

Since  natural  riparian-wetland  areas  are  characterized  by  the  interactions  of  vegeta- 
tion, soils,  and  hydrology,  the  process  of  assessing  whether  a riparian-wetland 
area  is  functioning  properly  requires  an  interdisciplinary  (ID)  team.  The  team 
should  include  specialists  in  vegetation,  soils,  and  hydrology.  A biologist  also  needs 
to  be  involved  because  of  the  high  fish  and  wildlife  values  associated  with  riparian- 
wetland  areas. 

To  initiate  the  process,  in  February  1992,  the  Director  assembled  an  ID  team  of 
specialists  to  review  existing  Bureau  definitions  for  PFC  and  to  expand  or  develop 
new  definitions  as  required.  Appendix  A provides  the  names  of  the  specialists  that 
were  involved  in  this  process.  The  ID  team  also  developed  a format  for  BLM  to 
report  functionality  to  Congress,  which  will  include  the  tables  in  Appendix  B. 

C.  Definitions 

The  terms  introduced  in  BLM’s  definition  of  riparian-wetlands  are  generally  under- 
stood by  resource  specialists.  However,  some  confusion  still  exists  with  the  term 
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ephemeral  stream.  A stream  is  a general  term  for  a body  of  flowing  water.  In  hydrol- 
ogy the  term  is  generally  applied  to  water  flowing  in  a natural  channel  as  distinct 
from  a canal.  Streams  in  natural  channels  are  classified  as  being  perennial,  intermit- 
tent or  seasonal,  or  ephemeral  and  are  defined  as  follows  (Meinzer,  1923): 

Perennial  - A stream  that  flows  continuously.  Perennial  streams  are  generally 
associated  with  a water  table  in  the  localities  through  which  they  flow. 

Intermittent  or  seasonal  - A stream  that  flows  only  at  certain  times  of  the  year 
when  it  receives  water  from  springs  or  from  some  surface  source  such  as  melting 
snow  in  mountainous  areas. 

Ephemeral  - A stream  that  flows  only  in  direct  response  to  precipitation,  and 
whose  channel  is  at  all  times  above  the  water  table. 

These  terms  refer  to  the  continuity  of  streamflow  in  time;  they  were  developed  by  the 
U.S.  Geological  Survey  in  the  early  1920’s,  have  a long  history  of  use,  and  are  the 
standard  definitions  used  by  BLM  resource  specialists.  Confusion  over  the  distinc- 
tion between  intermittent  and  ephemeral  streams  may  be  minimized  by  applying 
Meinzer’ s (1923)  suggestion  that  the  term  “intermittent”  be  arbitrarily  restricted  to 
streams  that  flow  continuously  for  periods  of  at  least  30  days  and  the  term  “ephem- 
eral” be  arbitrarily  restricted  to  streams  that  do  not  flow  continuously  for  at  least  30 
days.  Also,  the  intermittent  stream  is  to  be  distinguished  from  an  interrupted  stream, 
which  is  a stream  with  discontinuities  in  space.  Intermittent  or  seasonal  streams 
usually  have  visible  vegetation  or  physical  characteristics  reflective  of  permanent 
water  influence;  for  example,  the  presence  of  cottonwood. 

To  understand  how  riparian-wetland  areas  operate  and  to  implement  proper  manage- 
ment practices,  thus  ensuring  an  area  is  functioning  properly,  the  capability  and 
potential  of  a riparian-wetland  area  must  be  understood.  Assessing  functionality 
is  based  upon  an  area’s  capability  and  potential.  For  the  purpose  of  this  document, 
capability  and  potential  are  defined  as  follows: 

Capability  - The  highest  ecological  status  a riparian-wetland  area  can  attain  given 
political,  social,  or  economical  constraints.  These  constraints  are  often  referred  to 
as  limiting  factors. 

Potential  - The  highest  ecological  status  an  area  can  attain  given  no  political, 
social,  or  economical  constraints;  often  referred  to  as  the  “potential  natural  com- 
munity” (PNC). 

In  BLM’s  annual  report  to  Congress,  the  following  definitions  are  to  be  used  when 
completing  the  tables  in  Appendix  B: 

Riparian-Wetland  Areas  with  Management  Objectives  - Areas  where  BLM 
has  established  specific  riparian-wetland  objectives  and  has  implemented  or  is 
implementing  management  actions  to  meet  the  objectives. 
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Riparian  -Wetland  Areas  Without  Management  Objectives  - Areas  where 
management  is  in  place  but  does  not  have  specific  objectives  for  riparian-wetland 
management,  or  where  no  specific  management  exists. 

Proper  Functioning  Condition  - Riparian-wetland  areas  are  functioning  properly 
when  adequate  vegetation,  landform,  or  large  woody  debris  is  present  to  dissipate 
stream  energy  associated  with  high  waterflows,  thereby  reducing  erosion  and 
improving  water  quality;  filter  sediment,  capture  bedload,  and  aid  floodplain 
development;  improve  flood-water  retention  and  ground-water  recharge;  develop 
root  masses  that  stabilize  streambanks  against  cutting  action;  develop  diverse 
ponding  and  channel  characteristics  to  provide  the  habitat  and  the  water  depth, 
duration,  and  temperature  necessary  for  fish  production,  waterfowl  breeding,  and 
other  uses;  and  support  greater  biodiversity.  The  functioning  condition  of 
riparian-wetland  areas  is  a result  of  interaction  among  geology,  soil,  water, 
and  vegetation. 

Functional — At  Risk  - Riparian-wetland  areas  that  are  in  functional  condition 
but  an  existing  soil,  water,  or  vegetation  attribute  makes  them  susceptible  to 
degradation. 

Nonfunctional  - Riparian-wetland  areas  that  clearly  are  not  providing  adequate 
vegetation,  landform,  or  large  woody  debris  to  dissipate  stream  energy  associated 
with  high  flows  and  thus  are  not  reducing  erosion,  improving  water  quality,  etc., 
as  listed  above.  The  absence  of  certain  physical  attributes  such  as  a floodplain 
where  one  should  be  are  indicators  of  nonfunctioning  conditions. 

Unknown  - Riparian-wetland  areas  that  BLM  lacks  sufficient  information  on  to 
make  any  form  of  determination. 

II.  Process 

Most  of  the  Bureau’s  riparian-wetland  areas  are  found  in  Alaska  and  are  considered 
functioning  properly  because  they  are  in  their  natural  state  (USDI,  1991).  This  is  not 
the  case  for  BLM  riparian-wetland  areas  in  the  1 1 contiguous  Western  States,  as  well 
as  small  tracts  in  Alabama,  Arkansas,  Florida,  Louisiana,  Minnesota,  Mississippi,  and 
Oklahoma.  Most  of  these  riparian-wetland  areas  have  been  altered  by  human  activi- 
ties. However,  the  following  process  for  determining  whether  an  area  is  functioning 
properly  is  the  same  for  Alaska  as  it  is  for  the  other  states. 

A.  Review  Existing  Documents 

To  start  the  process,  existing  documents  that  provide  a basis  for  assessing  PFC  should 
be  reviewed.  Technical  Reference  1737-5,  Riparian  and  Wetland  Classification 
Review  (Gebhardt  et  al.,  1990),  provides  an  excellent  start  as  it  reviews,  in  a like 
format,  the  more  common  procedures  that  are  used  to  classify,  inventory,  and  de- 
scribe riparian-wetland  areas.  This  document  identifies  ESI  as  being  the  most  com- 
plete procedure  because  it  provides  a process  for  defining  the  capability  of  an  area,  its 
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potential,  and  how  it  functions.  However,  not  all  riparian-wetland  areas  will  require 
the  magnitude  provided  by  ESI  to  assess  functionality. 


Technical  Reference  1737-2,  The  Use  of  Aerial  Photography  to  Inventory  and 
Monitor  Riparian  Areas  (Batson  et  al.,  1987),  Technical  Reference  1737-3,  Inven- 
tory and  Monitoring  of  Riparian  Areas  (Myers,  1989),  and  Technical  Reference 
1737-7,  Procedures  for  Ecological  Site  Inventory — With  Special  Reference  to 
Riparian-Wetland  Sites  (Leonard  et  al.,  1992),  are  three  other  documents  that  should 
be  reviewed.  These  documents  provide  additional  thought  processes  that  will  be 
useful  in  assessing  functional  status  of  riparian-wetland  areas. 


B.  Analyze  the  Definition 


Next,  the  definition  of  PFC  must  be  analyzed.  One  way  to  do  this  is  by  breaking  the 
definition  dowm  as  follows: 

fofio 

“Riparian-wetland  areas  are  functioning  properly  when  adequate  vegetation, 
landform,  or  large  woody  debris  is  present  to: 


'if. 


1)  dissipate  stream  energy  associated  with  high  waterflows,  thereby  reducing 
erosion  and  improving  water  quality; 

2)  filter  sediment,  capture  bedload,  and  aid  floodplain  development; 

3)  improve  flood-water  retention  and  ground-water  recharge; 

4)  develop  root  masses  that  stabilize  streambanks  against  cutting  action; 

5)  develop  diverse  ponding  and  channel  characteristics  to  provide  the  habitat 
and  the  water  depth,  duration,  and  temperature  necessary  for  fish  produc- 
tion, waterfowl  breeding,  and  other  uses; 

6)  and  support  greater  biodiversity.” 


h ,A 


Riparian  areas  are  functioning  properly  when  there  is  adequate  structure  present  to 
provide  the  listed  benefits  applicable  to  a particular  area.  The  analysis  must  be  based 
on  the  riparian  area’s  capability  and  potential.  If,  for  example,  the  system  does  not 
have  the  potential  to  support  fish  habitat,  that  criteria  would  not  be  used  in  the  assess- 
ment. 


C.  Assess  Functionality 

1.  Attributes  and  Processes 


The  third  aspect  of  assessing  PFC  involves  understanding  the  attributes  and  processes 
occurring  in  a riparian-wetland  area.  Table  1 provides  a list  of  attributes  and  pro- 
cesses that  may  occur  in  any  given  riparian-wetland  area.  When  assessing  PFC, 
attributes  and  processes  for  the  area  being  evaluated  need  to  be  identified. 


To  understand  these  processes,  an  example  of  an  alluvial/nongraded  valley-bottom 
type  riparian  area  in  both  a functional  and  nonfunctional  condition  is  provided  in 
Figure  1 (Jensen,  1992).  Using  the  Bureau’s  definitions  for  PFC,  State  A represents 
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Table  1.  Attributes/Processes  List  * 


Hydrogeomorphic 


Ground-Water  Discharge 
Active  Floodplain 
Ground- Water  Recharge 
Floodplain  Storage  and  Release 
Flood  Modification 
Bankfull  Width 
Width/Depth  Ratio 
Sinuosity 
Gradient 
Stream  Power 
Hydraulic  Controls 
Bed  Elevation 


Vegetation 


Community  Types 
Community  Type  Distribution 
Surface  Density 
Canopy 

Community  Dynamics  and  Succession 

Recruitment/Reproduction 

Root  Density 

Survival 


Erosion/Deposition 


Bank  Stability 

Bed  Stability  (Bedload  Transport  Rate) 
Depositional  Features 


Soil  Type 

Distribution  of  Aerobic/Anaerobic  Soils 
Capillarity 

Annual  Pattern  of  Soil  Water  States 


Water  Quality 


Temperature 
Salinity 
Nutrients 
Dissolved  Oxygen 
Sediment 

* This  list  provides  examples  of  various  attributes/processes  that  may  be  present  in  a riparian 
area.  By  no  means  is  it  complete. 
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a high  degree  of  bank  stability,  floodplain,  and  plant  community  development,  and 
would  be  classified  as  PFC.  The  important  attributes  and  processes  present  for  State 

A are: 

Hydrogeomorphic  - Active  floodplain,  floodplain  storage  and  release,  flood 
modification,  bankfull  width,  width/depth  ratio,  sinuosity,  gradient,  stream  power, 
and  hydraulic  controls. 

Vegetation  - Community  type  (2  of  3),  community  type  distribution  (similar  in 
the  wet  types),  root  density,  canopy,  community  dynamics,  recruitment/reproduc- 
tion, and  survival. 

Erosion/Deposition  - Bank  stability. 

Soil  - Distribution  of  anaerobic  soil,  capillarity. 

Water  Quality  - No  change. 

State  B may  be  properly  functioning  or  functional — at  risk.  It  would  be  classified  as 
functional  if  bank  stabilizing  vegetation  is  dominant  along  the  reach  and  other  factors 
such  as  soil  disturbance  are  not  evident.  It  is  important  to  identify  the  species  of 
vegetation  present  since  they  do  vary  in  their  ability  to  stabilize  streambanks  and 
filter  sediment. 

State  B would  be  classified  as  at  risk  if  bank  stabilizing  vegetation  is  not  dominant 
(even  though  it  may  be  in  an  improving  trend  from  prior  conditions),  nondesirable 
species  are  present  (e.g.,  Kentucky  bluegrass),  soil  disturbance  is  evident  (e.g.,  caved 
banks  from  livestock  or  vehicle  use),  or  hydrologic  factors  such  as  degraded  water- 
shed conditions  exist,  increasing  the  probability  of  extreme  flow  events  that  would 
damage  the  reach.  The  following  changes  in  attributes/processes  are  likely  in 
State  B: 

Hydrogeomorphic  - Bankfull  width  (increase),  width/depth  ratio  (increase  in 
width,  no  change  in  depth),  active  floodplain  frequency  (decrease). 

Vegetation  - Community  types  changed,  community  type  distribution  changed, 
root  density,  canopy,  community  dynamics,  recruitment/reproduction,  and  sur- 
vival. 

Erosion/Deposition  - Bank  stability  (decrease). 

Soil  - No  change. 

Water  Quality  - No  significant  change. 
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Wet  Meadow/Marsh  Mesic  Meadow 


B 


Sagebrush  Meadow 


Sagebrush  Meadow 


E 


F 


Mesic/Wet  Meadow  Sagebrush  Meadow 


Wet  Meadow/Marsh  Sagebrush  Meadow 


Sagebrush  Meadow 


Wet  Meadow/Marsh 


---■ ---j  Stratified 

Fragmental 

’~r  Soil  Material 

l- Substrate 

Basalt 

Bedrock 


Figure  1.  Succession  of  states  for  alluvial/nongraded  valley-bottom  type. 
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States  C and  D would  be  classified  as  nonfunctional  conditions.  State  C represents 
incisement  of  the  stream  channel  to  a new  base  level.  There  is  little  or  no  bank 
stabilizing  vegetation  and  no  floodplain.  Channel  widening  exhibited  in  State  D 
must  occur  to  restore  floodplain  development.  Vegetation,  if  present,  is  often  only 
temporary  due  to  the  large  adjustment  process  occurring.  The  following  changes  in 
attributes/processes  are  likely  in  States  C and  D: 

Hydrogeomorphic  - Bankfull  width  (increase),  width/depth  (increase/increase), 
active  floodplain  frequency  (decrease). 

Vegetation  - Riparian  community  types  lost;  community  type  distribution 
changed;  root  density,  canopy,  community  dynamics,  recruitment,  reproduction, 
and  survival  (decrease). 

Erosion/Deposition  - Bank  stability  (decrease). 

Soil  - Well  drained. 

Water  Quality  - Temperature  (increase),  sediment  (increase). 

State  E may  again  be  classified  as  functional-at  risk  or  functional  depending  on 
vegetation,  soil,  and  hydrologic  attributes.  Establishment  of  the  floodplain  and  bank 
stabilizing  vegetation  indicate  reestablishment  of  functional  conditions.  However, 
stream  segments  in  this  state  are  usually  at  risk  for  the  same  reasons  described  for 
State  B.  Attributes  and  processes  would  revert  back  to  those  that  appear  in  State  B. 

State  F is  classified  as  functioning  properly  even  though  the  riparian  area  may  not 
have  achieved  the  greatest  extent  exhibited  in  State  A.  Banks  are  stabilized  and 
exhibit  channel  geometry  similar  to  State  A.  The  floodplain  has  widened  to  the 
extent  that  confinement  of  peak  flows  is  only  occasional  and  aggrading  processes  are 
slowed  because  of  the  surface  area  available.  The  largest  difference  between  States 
A and  F occurs  in  size  and  extent  of  hydrologic  influence,  which  regulates  size  and 
extent  of  the  riparian  area. 

This  alluvial/nongraded  valley-bottom  example  is  found  in  the  Great  Basin  and 
represents  only  one  of  many  types  found  on  public  lands.  However,  it  is  important  to 
remember  that  there  are  other  types  and  to  understand  that: 

Riparian-wetland  areas  do  have  fundamental  commonalities  in  how  they 
function,  but  they  also  have  their  own  unique  attributes.  Riparian-wetland 
areas  can  and  do  function  quite  differently.  As  a result,  most  areas  need  to 
be  evaluated  against  their  own  capability  and  potential.  Even  for  similar 
areas,  human  influence  may  have  introduced  component(s)  that  have 
changed  the  area’s  capability  and  potential.  Assessments,  to  be  correct,  must 
consider  these  factors  and  the  uniqueness  of  each  system. 
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Appendix  C contains  examples  of  other  kinds  of  riverine  systems  found  on  BLM 
managed  lands  (Jensen,  1992).  The  analogy  used  for  Figure  1 can  be  applied  to  most 
of  the  examples  found  in  Appendix  C because  differing  channel  types  do  have  func- 
tional commonality.  However,  differing  channel  types  may  accommodate  their  own 
unique  evolutionary  processes.  Information  concerning  the  classification  system  used 
by  Jensen  can  be  found  in  BLM  technical  reference  TR  1737-5  (Gebhardt  et  al., 

1990). 

2.  Capability  and  Potential 

Assessing  functionality  then  involves  determining  a riparian-wetland  area’s  capability 
and  potential  using  an  approach  such  as  the  following: 

• Look  for  relic  areas  (exclosures,  preserves,  etc.). 

• Seek  out  historic  photos,  survey  notes,  and/or  documents  that  indicate  historic 
condition. 

• Search  out  species  lists  (animals  & plants  - historic  & present). 

• Determine  species  habitat  needs  (animals  & plants)  related  to  species  that  are/ 
were  present. 

• Examine  the  soils  and  determine  if  they  were  saturated  at  one  time  and  are 
now  well  drained? 

• Examine  the  hydrology,  establish  cross  sections  if  necessary  to  determine 
frequency  and  duration  of  flooding. 

• Identify  vegetation  that  currently  exists.  Are  they  the  same  species  that 
occurred  historically? 

• Determine  the  entire  watershed’s  general  condition  and  identify  its  major 
landform(s). 

• Look  for  limiting  factors,  both  human-caused  and  natural,  and  determine  if 
they  can  be  corrected. 

This  approach  forms  the  basis  for  initiating  an  inventory  effort  like  ESI.  For  some 
areas,  conducting  an  ESI  effort  will  be  the  only  way  to  assess  an  area’s  capability  and 
potential. 

Some  riparian-wetland  areas  may  be  prevented  from  achieving  their  potential  because 
of  limiting  factors  such  as  human  activities.  Most  of  these  limiting  factors  can  be 
rectified  through  proper  management.  However,  some  limiting  factors  such  as  dams 
and  transmountain  diversions  are  not  as  easy  to  correct.  The  placement  of  dams  and 
transmountain  diversions  can  result  in  a riparian-wetland  area’s  flow  regime  being 
altered,  thus  changing  the  area's  capability.  For  example,  cottonwood  trees  are 
maintained  by  periodic  flooding,  which  creates  point  bars  for  seedling  establishment. 

A dam  or  transmountain  diversion  that  reduces  or  eliminates  the  potential  for  Hooding 
may  remove  the  potential  for  cottonwoods  to  remain  in  that  area.  PFC  must  be 
assessed  in  relationship  to  the  area’s  capability. 
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3.  Functioning  Condition 

When  determining  wnether  a riparian-wetland  area  is  functioning  properly,  the 
condition  of  the  entire  watershed,  including  the  uplands  and  tributary  watershed 
system,  is  important.  The  entire  watershed  can  influence  the  quality,  abundance,  and 
stability  of  downstream  resources  by  controlling  production  of  sediment  and  nutri- 
ents, influencing  streamflow,  and  modifying  the  distribution  of  chemicals  throughout 
the  riparian-wetland  area.  Riparian-wetland  health  (functioning  condition),  an  impor- 
tant component  of  watershed  condition,  refers  to  the  ecological  status  of  vegetation, 
geomorphic,  and  hydrologic  development,  along  with  the  degree  of  structural  integ- 
rity exhibited  by  the  riparian-wetland  area.  A healthy  riparian-wetland  area  is  in 
dynamic  equilibrium  with  the  streamflow  forces  and  channel  aggradation/degradation 
processes  producing  change  with  vegetative,  geomorphic,  and  structural  resistance. 

In  a healthy  situation,  the  channel  network  adjusts  in  form  and  slope  to  handle  in- 
creases in  stormflow/snowmelt  runoff  with  limited  perturbation  of  channel  and 
associated  riparian-wetland  plant  communities. 

Riparian-wetland  areas  can  function  properly  before  they  achieve  their  Potential 
Plant  Community  (PPC)  or  Potential  Natural  Community  (PNC).  In  fact,  some 
would  argue  that  riparian-wetland  areas  are  always  functioning  properly,  no  matter 
what  state  they  are  in.  From  the  perspective  of  fluvial  geomorphology,  it  is  true  that 
the  channel  is  constantly  adjusting  itself  to  the  water  and  sediment  load  delivered  to  it 
from  the  watershed;  however,  BLM’s  definition  goes  beyond  the  processes  of  channel 
evolution  and  includes  vegetation  and  biological  attributes.  The  Bureau’s  definition 
does  not  mean  PNC  or  optimal  conditions  for  a particular  species  have  to  be  achieved 
to  be  rated  as  functioning  properly. 

Figures  2 and  3 provide  an  example  of  the  relationship  between  PFC  and  vegetation 
community  succession  for  one  area.  Assuming  succession  continues  uninterrupted 
(Step  1 to  Step  2 in  Figure  2),  the  channel  will  evolve  through  some  predictable 
changes  from  bare  ground  to  PNC  (although  not  necessarily  as  linearly  as  depicted). 
The  riparian-wetland  area  will  progress  through  phases  of  not  functioning,  function- 
ing— at  risk,  and  properly  functioning  along  with  plant  succession.  In  this  example, 
PFC  occurs  at  the  mid-seral  stage  (Step  3).  Figure  3 shows  a stream  cross  section  of 
each  condition  (A-E)  displayed  in  Figure  2. 

At  various  stages  within  this  successional  process,  the  stream  can  provide  a variety  of 
values  for  different  uses  (Step  4).  In  Figure  2,  optimal  conditions  for  grazing  occur 
when  forage  is  abundant  and  the  area  is  stable  and  sustainable  (mid-seral).  Wildlife 
goals  depend  upon  the  species  for  which  the  area  is  being  managed.  If  the  riparian 
zone  in  Figure  2 is  to  provide  habitat  for  shrub  nesting  birds,  the  optimum  conditions 
would  be  from  mid-  to  late  serai.  Trout  habitat  conditions  would  be  optimum  from 
mid-seral  to  late  serai.  The  threshold  for  any  goal  is  at  least  PFC  because  any  rating 
below  this  would  not  be  sustainable. 
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For  some  areas,  PFC  may  occur  from  early  serai  to  late  serai.  Desired  plant 
community  (DPC)  would  be  determined  based  on  management  objectives  through  an 
interdisciplinary  approach  (Step  5).  Figure  2 is  an  example  of  only  one  riparian- 
wetland  area. 

When  rating  functionality,  it  will  be  easy  to  categorize  many  riparian-wetland  areas 
as  PFC  or  nonfunctional.  For  others  it  will  not  be  easy.  Difficulty  in  rating  PFC 
usually  arises  in  identifying  the  thresholds  that  allow  a riparian-wetland  area  to  move 
from  one  category  to  another.  To  provide  consistency  in  reporting  PFC,  BLM  has 
established  a standard  checklist  for  field  offices  to  initiate  this  process  (Appendix  D). 


Bare  Early  Mid-Serai  Late  Serai  PNC 

Soil  Serai 


Step  4 

Determine 

Value 


FISHERIES  VALUES 


Step  5 

Determine 

DPC 


Figure  2.  Succession  for  stream  recovery. 
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Figure  3.  Stream  cross  sections. 
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BLM’s  checklist  may  not  answer  the  question  of  functionality  for  all  riparian-wetland 
areas.  Some  areas  may  require  a more  intensive  inventory  effort,  like  ESI.  Elements 
can  be  added  to  BLM’s  standard  checklist  to  address  unique  riparian-wetland  at- 
tributes. To  further  assist  field  offices  in  assessing  functionality,  Appendix  E pro- 
vides examples  of  riparian-wetland  areas  and  depicts  the  categories  of  PFC,  func- 
tional— at  risk,  and  nonfunctional. 

The  process  described  in  this  document  has  concentrated  on  lotic  forms  of  riparian- 
wetland  areas  for  two  reasons:  1 ) they  are  the  form  of  wetland  BLM  most  frequently 
has  to  resolve  conflicts  on,  and  2)  inventory,  classification,  and  monitoring  efforts 
within  and  outside  the  Bureau  have  concentrated  on  this  type  of  resource.  However, 
the  process  would  be  the  same  for  lentic  forms  of  wetlands.  Additional  guidance  will 
be  developed  for  lentic  wetlands  as  BLM  gathers  more  information  on  them. 
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III.  Instituting  the  Process 

A.  Planning 

A logical  manner  to  incorporate  the  information  collected  into  a management  plan  is 
as  follows  (refer  to  Figure  2 in  the  Functioning  Condition  section): 

Step  1 Existing  Condition  - Determine  the  existing  riparian-wetland  and 
watershed  condition  using  BLM  standard  inventory  methods. 

Step  2 Potential  Condition  - Determine  PNC  by  using  relic  areas,  historic 
photos,  etc.  (ESI  process). 

Step  3 PFC  - Determine  the  minimum  conditions  required  for  the  area  to 
function  properly. 

Step  4 Resource  Values  - Determine  existing  and  potential  resource  values 
and  the  plant  communities  necessary  to  support  these  values. 

Step  5 Management  Goals  - Negotiate  specific  objectives  to  reach  manage- 
ment goals  for  the  watershed,  DPC,  or  Desired  Future  Condition. 

Step  6 Planned  Actions  - Design  management  actions  to  achieve  DPC. 

Step  7 Monitoring  - Design  appropriate  monitoring  strategies  to  assess 
progress  towards  meeting  management  goals. 

Step  8 Flexibility  - Maintain  management  flexibility  to  accommodate  change 
based  upon  monitoring  results. 

B.  Management 

For  BLM  to  be  successful  in  reaching  its  goal  of  having  75  percent  of  its  riparian- 
wetland  areas  functioning  properly  by  1997,  best  management  practices  need  to  be  set 
in  motion.  Successful  management  strategies  address  the  entire  watershed.  Upland 
and  riparian  areas  are  interrelated  and  cannot  be  considered  separately. 

Two  other  documents  can  be  helpful  in  assisting  with  this  process:  Technical  Refer- 
ence 1737-4,  Grazing  Management  in  Riparian  Areas  (Kinch,  1989),  provides 
grazing  management  principles,  concepts,  and  practices  that  have  been  effective  in 
improving  and  maintaining  desired  conditions  on  riparian-wetland  areas.  For  other 
forms  of  management  such  as  recreation  development,  mining  opportunities,  timber 
practices,  and  watershed  treatments.  Technical  Reference  1737-6,  Management 
Techniques  in  Riparian  Areas  (Smith  and  Prichard,  1992),  provides  suggested 
management  practices.  With  a change  in  management,  most  riparian-wetland  areas 
can  achieve  PFC  in  a few  years,  but  some  will  take  years  to  achieve  the  identified 
DPC  or  advanced  ecological  status. 
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C.  Monitoring 


Management  effectiveness  can  be  assessed  and  progress  towards  meeting  PFC  can  be 
documented  through  monitoring.  Sites  should  be  revisited  periodically  as  part  of  the 
overall  monitoring  program.  Areas  rated  at  a single  point  in  time  can  reflect  short- 
term factors  such  as  climatic  conditions.  Monitoring  will  reflect  longer-term  trends. 
Technical  references  such  as  TR  1737-3  (Myers,  1989)  are  tools  that  can  be  used  to 
develop  monitoring  criteria. 
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IV.  Summary 


Riparian-wetland  areas  constitute  an  important  resource  on  lands  managed  by  BLM. 
BLM’s  goal  is  to  have  75  percent  of  its  riparian-wetlands  functioning  properly  by 
1997.  This  technical  reference  provides  a thought  process  for  assessing  functioning 
condition. 

The  status  of  some  riparian-wetland  areas  will  be  relatively  easy  to  discern  while  the 
status  of  others  will  be  less  evident.  Appendix  D contains  the  minimum  national 
standards  that  BLM  field  offices  will  use  in  making  this  assessment.  For  hard-to- 
discem  areas,  Ecological  Site  Inventory  may  be  the  only  method  to  determine  capa- 
bility and  potential  and  assess  functionality.  Using  either  method  will  require  an 
interdisciplinary  team  to  adequately  address  the  complexities  associated  with  ripar- 
ian-wetland areas  and  to  report  their  functioning  condition. 

Appendix  B contains  the  forms  for  reporting  functioning  condition.  Riparian  areas 
are  reported  in  four  categories:  proper  functioning  condition,  functional — at  risk, 
nonfunctional,  and  unknown.  Areas  with  and  without  specific  riparian  management 
and  objectives  are  reported  separately.  The  Definitions  section  of  this  technical 
reference  describes  the  meanings  of  these  terms. 

Trend  is  reported  for  areas  that  are  identified  as  functional — at  risk,  and  is  a key 
consideration  in  interpreting  the  data.  Areas  identified  as  functional — at  risk  with  a 
downward  trend  are  often  the  highest  management  priority  because  a decline  in 
resource  values  is  apparent.  Yet  these  areas  often  retain  much  of  the  resiliency 
associated  with  a functioning  area.  There  is  usually  an  opportunity  to  reverse  this 
trend  through  changes  in  management.  Functional — at  risk  areas  with  an  upward 
trend  are  often  a priority  for  monitoring  efforts.  These  areas  are  improving  but 
remain  at  risk.  Monitoring  these  areas  assures  that  upward  trends  continue. 

Conversely,  trend  is  not  reported  for  areas  that  are  nonfunctional.  While  these  areas 
could  theoretically  still  be  in  decline,  most  of  the  riparian  values  have  already  been 
lost.  The  presence  of  sufficient  riparian-wetland  attributes  and  processes  to  warrant  a 
determination  of  trend  usually  results  in  a designation  of  functional — at  risk. 

It  is  common  for  an  area  in  PFC  to  continue  to  have  an  upward  trend.  Many  sites  that 
are  properly  functioning  must  continue  to  improve  to  meet  site-specific  objectives. 
However  a downward  trend  may  put  the  area  at  risk.  Once  proper  functioning  condi- 
tion is  reached,  trend  relates  to  specific  objectives.  Therefore,  it  is  not  part  of  this 
data  report. 

The  lack  of  specific  information  will  place  many  riparian-wetland  areas  into  the 
category  of  unknown.  In  order  for  BLM  to  make  an  adequate  assessment  of  progress 
towards  its  goal,  it  is  imperative  that  areas  for  which  no  data  exists  be  evaluated  and 
added  to  the  data  base.  As  information  is  acquired  and  resource  values  are  identified, 
best  management  practices  need  to  be  set  in  motion.  Successful  management  strate- 
gies have  to  address  the  entire  watershed,  as  upland  and  riparian-wetland  areas  are 
interrelated  and  cannot  be  considered  separately. 
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Examples  provided  in  this  document  have  concentrated  on  lotic  riparian  areas  for  two 
reasons:  1 ) they  are  the  form  of  wetland  BLM  most  frequently  has  to  resolve  con- 
flicts on,  and  2)  inventory,  classification,  and  monitoring  efforts  within  and  outside 
the  Bureau  have  concentrated  on  this  type  of  resource  the  most.  However,  the 
thought  process  for  assessing  functionality  of  lentic  areas  would  be  the  same.  In  the 
future,  a technical  reference  will  be  developed  with  more  specific  information  for 
lentic  wetlands. 
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Glossary  of  Terms 

Active  Floodplain  - The  low-lying  land  surface  adjacent  to  a stream  and  formed 
under  the  present  flow  regime.  The  active  floodplain  is  inundated  at  least  once  or 
twice  (on  average)  every  3 years. 

Advanced  Ecological  Status  - A community  with  a high  coefficient  of  similarity  to  a 
defined  or  perceived  PNC  for  an  ecological  site,  usually  late  serai  or  PNC  ecological 
status. 

Annual  Pattern  of  Soil  Water  States  - A description  of  field  soil  water  over  the  year 
as  applied  to  horizons,  layers,  or  standard  depth  zones.  Water  state  is  reported  by 
layers. 

Hydraulic  Control  - Features  of  landform  (bedform  and  bed  material),  vegetation,  or 
organic  debris  that  control  the  relationship  between  stage  (depth)  and  flow  rate 
(discharge)  of  a stream. 

Hydrogeomorphic  - Features  pertaining  to  the  hydrology  and/or  geomorphology  of 
the  stream  system. 

Potential  Plant  Community  - Represents  the  serai  stage  the  botanical  community 
would  achieve  if  all  successional  sequences  were  completed  without  human  interfer- 
ence under  the  present  environmental  conditions. 

Riparian- Wetland  Ecological  Site  - An  area  of  land  with  a specific  potential  plant 
community  and  specific  physical  site  characteristics,  differing  from  other  areas  of 
land  in  its  ability  to  produce  vegetation  and  to  respond  to  management.  Ecological 
site  is  synonymous  with  range  site. 

Serai  Stage  - One  of  a series  of  plant  communities  that  follows  another  in  time  on  a 
specific  site. 

Stream  Power  - A measure  of  a stream’s  ability  to  erode  and  transport  sediment.  It 
is  equal  to  the  product  of  shear  stress  and  velocity. 

Vegetation  Community  Dynamics  - Response  of  plant  communities  to  changes  in 
their  environment,  to  their  use,  and  to  stresses  to  which  they  are  subjected.  Climatic 
cycles,  fire,  insects,  grazing,  and  physical  disturbances  are  some  of  the  many  causes 
of  changes  in  plant  communities.  Some  changes  are  temporary  while  others  are  long 
lasting. 
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Vegetation  Community  Succession  - Primary  succession  is  a sequence  of  plant 
community  changes  from  the  initial  colonization  of  a bare  soil  toward  a PNC.  Sec- 
ondary succession  may  involve  sequences  of  plant  community  change  from  PNC  due 
to  perturbations,  or  a sequence  toward  PNC  again  following  a perturbation.  Vegeta- 
tion community  succession  may  be  accompanied  by  subtle  but  significant  changes  in 
temporal  soil  characteristics  such  as  bulk  density,  nutrient  cycling,  and  microclimatic 
changes,  but  is  differentiated  from  major  physical  state  changes  such  as  landform 
modification  or  long-term  elevation  or  lowering  of  a water  table  that  would  change 
the  PNC  of  an  ecological  site. 
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Appendix  A 
Interdisciplinary  Team 


Team  Member 


Discipline 


Ron  Clark  - WO-222  (Now  CO-930) 

Watershed  Specialist 

Mike  Crouse  - OR-932 

Management/Biologist 

Wayne  Elmore  - OR-050 

Riparian-Wetland  Specialist/ 
Wildlife  Biologist 

Jim  Fogg  - SC-212 

Hydrologist 

Ron  Hooper  - AZ-932 

Riparian-Wetland  Coordinator/ 
Hydrologist 

Steve  Leonard  - NV-93 1 

Range  Scientist 

Don  Prichard  - SC-213 

Riparian- Wetland  Coordinator/ 
Fishery  Biologist 

Dan  Tippy  - TC-200  (Now  OR-050) 

Riparian-Wetland  Training 
Coordinator/Soils 

Don  Waite  - WO-222 

Management/Economist 

Jack  Williams  - WO-240 

Fisheries  Program  Manager 

25 


Appendix  B 
Reporting  Tables 
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Table  1.  Riparian  Areas  With  Management  Objectives 


State: 


Habitat 

Types 

Proper  Functioning 
Condition 

Functional — At  Risk 

Non- 

functional 

Unknown 

Trend 

Up 

Trend  Not 
Apparent 

Trend 

Down 

Riverine 

Miles 

& 

Acres 

• 

Nonriverine 

Acres 

Table  2.  Riparian  Areas  Without  Management  Objectives 

State: 


Habitat 

Types 

Proper  Functioning 
Condition 

Functional — At  Risk 

Non- 

functional 

Unknown 

Trend 

Up 

Trend  Not 
Apparent 

Trend 

Down 

Riverine 

Miles 

& 

Acres 

Nonriverine 

Acres 
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Appendix  C 

Channel  Evolution  Examples 
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Succession  of  States  for  Fluvial/V-Shaped 
Depositional  Valley-Bottom  Type 
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Basalt 

Bedrock 
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Succession  of  States  for  Alluvial/Graded  Valley-Bottom  Type 
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Appendix  D 

Riparian-Wetland  Functional  Checklist 
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General  Instructions 


1)  The  concept  “Relative  to  Capability”  applies  wherever  it  may  be  inferred. 

2)  This  checklist  constitutes  the  Minimum  National  Standards  required  to  deter- 
mine Proper  Functioning  Condition  of  riparian-wetland  areas. 

3)  As  a minimum,  an  ID  Team  will  use  this  checklist  to  determine  the  degree  of 
function  of  a riparian-wetland  area. 

4)  Mark  one  box  for  each  element. 

5)  For  any  item  marked  “No,”  the  severity  of  the  condition  must  be  explained  in  the 
“Remarks”  section  and  must  be  a subject  for  discussion  with  the  ID  Team  in 
determining  riparian-wetland  functionality. 

6)  Based  on  the  ID  Team’s  discussion,  “functional  rating”  will  be  resolved  and  the 
checklist’s  summary  section  will  be  completed. 
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Standard  Checklist 


Name  of  Riparian-Wetland  Area: 

Date: Segment/Reach  ID: 

Miles: Acres: 

ID  Team  Observers: 


Yes 

No 

N/A 

HYDROLOGIC 

Floodplain  inundated  in  “relatively  frequent”  events  (1-3  years) 

Active/stable  beaver  dams 

Sinuosity,  width/depth  ratio,  and  gradient  are  in  balance  with  the 
landscape  setting  (i.e.,  landform,  geology,  and  bioclimatic  region) 

Riparian  zone  is  widening 

Upland  watershed  not  contributing  to  riparian  degradation 

Yes 

No 

N/A 

VEGETATIVE 

Diverse  age  structure  of  vegetation 

Diverse  composition  of  vegetation 

Species  present  indicate  maintenance  of  riparian  soil  moisture 
characteristics 

Streambank  vegetation  is  comprised  of  those  plants  or  plant 
communities  that  have  root  masses  capable  of  withstanding  high 
streamflow  events 

Riparian  plants  exhibit  high  vigor 

Adequate  vegetative  cover  present  to  protect  banks  and  dissipate 
energy  during  high  flows 

Plant  communities  in  the  riparian  area  are  an  adequate  source  of 
coarse  and/or  large  woody  debris 

Yes 

No 

N/A 

EROSION  DEPOSITION 

Floodplain  and  channel  characteristics  (i.e.,  rocks,  coarse  and/or 
large  woody  debris)  adequate  to  dissipate  energy 

Point  bars  are  revegetating 

Lateral  stream  movement  is  associated  with  natural  sinuosity 

System  is  vertically  stable 

Stream  is  in  balance  with  the  water  and  sediment  being  supplied 
by  the  watershed  (i.e.,  no  excessive  erosion  or  deposition) 
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Remarks 


Summary  Determination 


Functional  Rating: 

Proper  Functioning  Condition  

Functional — At  Risk  

Nonfunctional  

Unknown  

Trend  for  Functional — At  Risk: 

Upward  

Downward  

Not  Apparent  

Are  factors  contributing  to  unacceptable  conditions  outside  BLM’s  control  or 
management? 


Yes 

No 


If  yes,  what  are  those  factors? 

Flow  regulations  Mining  activities  Upstream  channel  conditions 

Channelization  Road  encroachment Oil  field  water  discharge 

Augmented  flows Other  (specify) 
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Appendix  E 

Riparian-Wetland  Examples 


Texas  Creek — Colorado 
September  1976 
Nonfunctional 


Texas  Creek — Colorado 
June  1978 

Functional — At  Risk 
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Texas  Creek — Colorado 
September  1976 
Nonfunctional 

Texas  Creek,  located  in  south-central  Colorado  on  public  lands  administered  by  the 
Canon  City  District  Office,  would  have  been  rated  nonfunctional  in  1976  based  on  the 
Bureau’s  definitions.  Texas  Creek  is  a small  coldwater  perennial  stream  that  originates  in 
the  Sangre  De  Cristo  Mountains,  flowing  for  approximately  24  miles  before  it  enters  the 
Arkansas  River.  Inventories  conducted  in  1976  classified  the  stream  as  a laterally  un- 
stable area  that  was  moderately  confined,  severely  impacted  from  continuous  grazing, 
and  providing  limited  fish  and  wildlife  values. 

The  September  1976  photograph  clearly  demonstrates  why  Texas  Creek  would  have  been 
rated  nonfunctional.  This  riparian  area  was  clearly  not  providing  adequate  vegetation, 
landform,  or  large  woody  debris  to  dissipate  stream  energies  associated  with  high  flows. 
With  each  storm  event,  the  stream  channel  migrated,  erosion  accelerated,  sediment  was 
not  filtered,  flood-water  retention  and  ground-water  recharge  were  limited,  and  water 
quality  was  altered.  Wildlife  values  were  limited  to  principally  a watering  site,  and  the 
brown  trout  population,  less  than  13  fish  per  500  feet  of  stream,  was  well  below  the 
area’s  capability  or  potential. 

For  the  most  part,  placing  a stream  into  the  category  of  nonfunctional  would  be  a simple 
task.  However,  there  are  areas  (natural  and  altered)  that  will  always  look  like  this. 


Texas  Creek — Colorado 
June  1978 

Functional — At  Risk 

Management  actions  were  changed  in  1977  to  reverse  the  trend  of  Texas  Creek  and  to 
allow  the  area  to  progress  towards  its  capability  and  potential.  Changes  included  im- 
proved fencing,  and  rest  and  implementation  of  deferred  seasonal  grazing  or  winter 
grazing.  Quality  of  habitat  in  Texas  Creek  began  to  improve  immediately  after  changing 
management  practices,  and  the  June  1978  photo  displays  the  results.  Using  the  Bureau’s 
definitions,  Texas  Creek  would  have  been  rated  as  functional — at  risk  in  June  1978,  with 
an  upward  trend. 

Comparing  the  changes  between  the  1976  photo  and  the  1978  photo  shows  that  Texas 
Creek  was  in  an  upward  trend  and  had  started  to  function  physically.  With  increased 
vegetation,  stream  energies  had  been  reduced,  sediment  had  been  filtered  and  captured, 
streambanks  had  developed,  flood-water  retention  and  ground-water  recharge  had  in- 
creased, stream  width  had  decreased,  erosion  was  reduced,  and  water  quality  improved. 
With  these  physical  changes,  wildlife  and  fishery  values  had  increased.  The  brown  trout 
population  more  than  doubled  from  1976. 

Yet,  the  area  was  still  at  risk  because  soil  and  vegetation  attributes  still  made  it  suscep- 
tible to  degradation.  The  area  contained  too  much  bare  soil  and  lacked  desirable  species 
of  vegetation.  The  dominant  species  present  lacked  root  masses  that  stabilize 
streambanks  against  cutting  action. 
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Texas  Creek — Colorado 
October  1978 

Proper  Functioning  Condition 


Texas  Creek — Colorado 


July  1987 

Proper  Functioning  Condition 


Texas  Creek — Colorado 
October  1978 

Proper  Functioning  Condition 

By  the  end  of  the  1978  growing  season,  Texas  Creek  progressed  to  where  it  had  crossed 
its  threshold  as  described  in  Figure  2 in  the  Functioning  Condition  section.  Using  the 
Bureau’s  definitions,  in  October  1978,  Texas  Creek  would  have  a rating  of  PFC.  Yet,  by 
no  means  had  Texas  Creek  achieved  its  capability  or  potential.  However,  it  may 
have  achieved  its  management  objectives  and  obtained  its  desired  plant  community 
(early  serai  versus  PNC).  The  early  serai  vegetation  community  that  had  established 
itself  in  the  October  1978  photo  possessed  the  ability  to  dissipate  stream  energies  associ- 
ated with  high  flows  for  Texas  Creek.  The  instability  that  was  present  in  Texas  Creek  in 
June  1978  had  dissipated  and  the  soil  and  vegetation  attributes  that  placed  Texas  Creek 
into  the  category  of  functional — at  risk  were  no  longer  present.  Attributes  such  as 
reduced  erosion;  improved  water  quality;  floodplain  development;  trapment  of  woody 
debris;  improved  retention  of  flood-water  and  ground-water  recharge;  diverse  ponding; 
channel  characteristics  that  provide  habitat  and  water  depth,  duration,  and  temperatures 
necessary  for  fish  production;  and  other  wildlife  values  had  been  greatly  strengthened. 

Adjusting  the  rating  of  an  area  from  functional — at  risk  to  PFC  may  not  be  easy.  For 
Texas  Creek  it  was  easy  because  12  years  of  data  had  been  collected.  For  most  areas, 
BLM  does  not  have  that  luxury.  That’s  why  an  ID  team  is  necessary.  For  some  areas, 
the  only  way  to  assess  functionality  is  with  an  effort  like  ESI. 


Texas  Creek — Colorado 
July  1987 

Proper  Functioning  Condition 

Placing  areas  that  have  achieved  late  serai  or  PNC,  as  Texas  Creek  had  in  this  July  1987 
photo,  into  the  appropriate  category  is  easy.  Using  the  Bureau  definitions,  Texas  Creek 
would  have  a rating  of  PFC.  The  difference  between  the  October  1978  photo  and  the 
July  1987  photo  is  that  the  vegetation  community  was  early  serai  for  1978  and  late  serai 
for  1987.  However,  both  communities  were  functioning  properly.  Management  defines 
its  Desired  Plant  Community  for  an  area,  which  in  turn  defines  BLM’s  management 
options. 

For  example,  bighorn  sheep  and  brown  trout  are  present  in  the  Texas  Creek  watershed.  If 
the  desired  species  for  management  is  bighorn  sheep,  which  prefer  early  serai  vegetation 
around  watering  sites,  the  desired  plant  community  for  Texas  Creek  would  be  early  serai 
(October  1978  photo).  At  the  same  time,  brown  trout  production  is  possible,  but  not  at 
optimal  numbers.  Yet,  the  area  can  function  properly.  Optimal  numbers  of  brown  trout 
for  this  area  would  occur  by  managing  for  mid-seral  to  late  serai.  However,  this  would 
not  be  to  the  liking  of  the  bighorn  sheep. 

Riparian-wetland  areas  can  be  managed  to  provide  greater  biodiversity  as  well  as  to  allow 
the  entire  area  to  function  properly.  Most  riparian-wetland  areas  can  function  properly 
in  all  serai  stages,  thus  giving  BLM  greater  management  flexibility. 


Forested  Coastal  Stream — Oregon 
Nonfunctional 


The  below  photograph  gives  an  example  of  a coastal  stream,  located  in  Oregon,  that 
would  be  rated  as  nonfunctional  relative  to  BLM’s  definitions  for  proper  functioning 
condition.  The  riparian  area  is  clearly  not  providing  adequate  vegetation,  landform,  or 
large  woody  debris  to  dissipate  stream  energies  associated  with  high  flows.  During 
precipitation  events,  the  stream  channel  migrates,  erosion  continues,  sediment  is  not 
filtered,  flood-water  retention  and  ground-water  recharge  are  limited,  and  water  quality  is 
altered.  Wildlife  values  are  limited,  and  the  area  is  not  providing  diverse  ponding  or 
channel  characteristics  that  provide  habitat  and  water  depth,  duration,  and  temperature 
necessary  for  fish  production.  The  area  provides  little  biodiversity. 
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Forested  Coastal  Stream — Oregon 
Functional — At  Risk 


Forested  Coastal  Stream — Oregon 
Proper  Functioning  Condition 
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Forested  Coastal  Stream — Oregon 
Functional — At  Risk 


Establishment  of  alders  provides  the  capacity  to  dissipate  some  stream  energies  that  occur 
with  flow  events  in  this  area.  This  capability  results  in  captured  sediment  and  bedload, 
reduced  erosion,  and  improved  water  quality,  and  aids  floodplain  development  and 
improves  flood-water  retention  and  ground-water  recharge.  In  other  words,  the  area  has 
started  to  function  physically. 

In  spite  of  functioning,  this  area  would  be  rated  as  functional — at  risk  because  a vegeta- 
tion and  hydrologic  attribute  still  make  the  area  susceptible  to  degradation.  While  the 
alder  plant  community  does  provide  root  masses  that  stabilize  streambanks  against 
cutting  action,  it  probably  is  insufficient  for  major  flow  events.  Large  woody  debris 
(hydrologic  controls)  is  also  lacking,  which  inhibits  capture  of  sufficient  bedload  to  aid  in 
the  development  of  habitat  that  provides  water  depth,  duration,  and  temperature  neces- 
sary for  fish  production,  waterfowl  breeding,  and  other  uses,  thus  supporting  greater 
biodiversity. 

This  area  will  function  properly  before  it  obtains  PNC.  As  the  alder  community  ages,  it 
will  topple  into  the  stream  providing  woody  debris  that  aids  in  the  capture  of  bedload. 
Also,  as  the  alders  depart,  conifer  climax  species  will  dominate  the  site  and  provide  the 
necessary  bank  stability.  All  this  will  occur  before  optimal  numbers  of  wildlife  and  fish 
species  (greater  biodiversity)  are  achieved. 


Forested  Coastal  Stream — Oregon 
Proper  Functioning  Condition 

The  photograph  to  the  left  depicts  a forested  riparian-wetland  area  that  achieved  the 
rating  of  PFC.  The  photograph  clearly  shows  a coastal  stream  that  contains  adequate 
vegetation  and  large  woody  debris  that  is  dissipating  stream  energy  associated  with 
high  waterflows,  thereby  reducing  erosion  and  improving  water  quality.  The  plant 
community  has  developed  root  masses  that  have  stabilized  streambanks  against 
cutting  action,  filtered  sediment,  and  captured  sufficient  bedload.  This  has  aided 
floodplain  development  and  has  improved  flood-water  retention  and  ground-water 
recharge.  The  natural  process  has  created  diverse  ponding  and  channel  characteristics 
that  provide  the  habitat  and  the  water  depth,  duration,  and  temperature  necessary  for 
fish  production,  waterfowl  breeding,  and  other  uses,  thus  supporting  greater 
biodiversity. 
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Process  for  Assessing 
Proper  Functioning  Condition 
for  Lentic  Riparian-Wetland  Areas 

I.  Introduction 

Federal  policy  defines  wetlands  as  areas  that  are  inundated  or  saturated  by  surface 
or  ground  water  at  a frequency  and  duration  sufficient  to  support,  and  which, 
under  normal  circumstances  do  support,  a prevalence  of  vegetation  typically 
adapted  for  life  in  saturated  soil  conditions.  Bureau  of  Land  Management  (BLM) 
Manual  1737  (USDI,  1992),  Riparian-Wetland  Area  Management,  includes  marshes, 
shallow  swamps,  lakeshores,  bogs,  muskegs,  wet  meadows,  estuaries,  and  riparian 
areas  as  wetlands. 

Riparian-wetland  areas,  though  they  comprise  less  than  9 percent  of  the  total  land 
base,  are  the  most  productive  and  highly  prized  resources  found  on  BLM  lands. 
Riparian-wetland  areas  play  a significant  role  in  restoring  and  maintaining  the  chemi- 
cal, physical,  and  biological  integrity  of  the  nation’s  water.  Wildlife  use  riparian- 
wetland  areas  disproportionately  more  than  any  other  type  of  habitat.  In  addition, 
riparian-wetland  areas  are  highly  prized  for  their  economic  values  and  other  uses  such 
as  livestock  production  and  recreation. 

Riparian-wetland  areas’  soils,  vegetation,  and  hydrology  vary  as  a result  of  many 
factors;  therefore,  they  are  grouped  into  two  major  categories:  1)  lentic,  which  is 
standing  water  habitat  such  as  lakes,  ponds,  seeps,  bogs,  and  meadows,  and  2)  lotic, 
which  is  running  water  habitat  such  as  rivers,  streams,  and  springs. 

A.  Purpose 

The  BLM’s  Riparian-Wetland  Initiative  for  the  1990's  (USDI,  1991)  document 
establishes  national  goals  and  objectives  for  managing  riparian-wetland  resources  on 
public  lands.  This  initiative’s  chief  goal,  comprised  of  two  parts,  is  to:  1)  restore  and 
maintain  riparian-wetland  areas  so  that  75  percent  or  more  are  in  proper  functioning 
condition  (PFC)  by  1997  and  2)  to  achieve  an  advanced  ecological  status,  except 
where  resource  management  objectives,  including  PFC,  would  require  an  earlier 
successional  stage,  thus  providing  the  widest  variety  of  habitat  diversity  for  wildlife, 
fish,  and  watershed  protection.  The  Riparian-Wetland  Initiative  for  the  1990's  also 
contains  a strategy  to  focus  management  on  the  entire  watershed.  Knowing  the 
condition  of  the  watershed  is  an  important  component  in  assessing  whether  a riparian- 
wetland  area  is  functioning  properly. 

The  purpose  of  this  document  is  to  provide  a thought  process  for  assessing  PFC  for 
lentic  riparian-wetland  areas  on  BLM-managed  lands.  This  document  supplements 
Technical  Reference  (TR)  1737-9,  Process  for  Assessing  Proper  Functioning  Condi- 
tion (Prichard  et  al.,  1993),  which  was  principally  designed  for  lotic  riparian-wetland 


areas. 


B.  Approach 


BLM  defines  lentic  riparian-wetland  resources  the  same  way  they  define  lotic  ripar- 
ian-wetland resources,  i.e.,  resources  whose  capabilities  and  potentials  are  defined  by 
the  interaction  of  three  physical  components:  1)  vegetation,  2)  landform/soils,  and 
3)  hydrology.  As  for  lotic  riparian-wetland  areas,  some  resource  specialists  regard 
fish  and  wildlife  as  a fourth  element  because  of  the  ability  of  some  wildlife  species  to 
alter  a riparian-wetland  area’s  capability  and  potential.  Classifiers  usually  place 
wildlife  species  that  have  the  ability  to  alter  a riparian-wetland  area’s  capability  and 
potential  as  a special  modifier  under  the  hydrology  component.  Whether  fish  and 
wildlife  species  are  dealt  with  as  a resource  component  or  identified  as  a special 
modifier,  noting  their  presence  and/or  condition  is  important  when  assessing  PFC  of  a 
lentic  riparian-wetland  area. 

Since  lentic  riparian-wetland  areas  are  characterized  by  the  interactions  of  vegetation, 
soils,  and  hydrology  and  these  areas  are  important  to  fish  and  wildlife,  the  process  of 
assessing  whether  a riparian-wetland  area  is  functioning  properly  requires  an 
interdisciplinary  (ID)  team.  The  team  should  include,  but  not  be  limited  to,  special- 
ists knowledgeable  about  vegetation,  soil,  and  hydrology  attributes  and  processes  and 
fish  and  wildlife  values. 

C.  Definitions 


To  comprehend  how  a lentic  riparian-wetland  area  operates,  and  to  set  in  motion 
proper  management  practices  that  ensure  it  is  functioning  properly,  the  capability 
and  potential  of  the  area  must  be  understood.  Evaluating  functionality  is  based 
upon  an  area’s  capability  and  potential.  This  document  uses  the  same  definitions  for 
capability  and  potential  that  were  used  in  TR  1737-9: 

Capability  - The  highest  ecological  status  a riparian-wetland  area  can  attain  given 
political,  social,  or  economical  constraints.  These  constraints  are  often  referred  to 
as  limiting  factors. 

Potential  - The  highest  ecological  status  an  area  can  attain  given  no  political, 
social,  or  economical  constraints;  often  referred  to  as  the  “potential  natural  com- 
munity” (PNC). 

BLM  Manual  1737,  Riparian-Wetland  Area  Management  (USDI,  1992),  and  TR 
1737-9,  establish  definitions  for  proper  functioning  condition,  functional — at  risk, 
nonfunctional,  and  unknown  when  assessing  functionality  of  riparian-wetland  areas. 
Even  though  these  definitions  feature  lotic  riparian-wetland  areas,  they  can  be  applied 
to  lentic  riparian-wetland  areas  with  minor  modifications.  For  example,  instead  of 
assessing  whether  adequate  vegetation  is  present  to  dissipate  stream  energies,  an 
assessment  would  determine  whether  adequate  vegetation  is  present  to  dissipate  wind 
and  wave  energies,  thereby  reducing  erosion  and  improving  water  quality. 
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II.  Process 


The  process  described  in  TR  1737-9  concentrated  on  assessing  functional  condition  of 
lotic  riparian-wetland  areas  for  two  reasons:  1)  they  are  the  form  of  wetland  BLM 
most  frequently  has  to  resolve  conflicts  on  and  2)  inventory,  classification,  and 
monitoring  efforts  within  and  outside  the  Bureau  have  concentrated  on  this  type  of 
resource.  However,  the  basic  process  to  assess  functioning  condition  on  lentic  forms 
of  riparian-wetlands  would  be  much  the  same,  except  that:  1)  different  attributes  and 
processes  define  an  area’s  capability  and  potential  and  2)  the  attributes  and  processes 
of  soil  and  vegetation  play  a stronger  role  in  establishing  functionality,  while  hydrol- 
ogy plays  a lesser  role. 

A.  Review  Existing  Documents 

TR  1737-9  should  be  reviewed  before  assessing  functioning  condition  of  lentic 
riparian-wetland  areas.  TR  1737-9  identifies  a number  of  documents  that  provide  a 
basis  for  assessing  PFC.  It  also  identifies  additional  documents  that  provide  thought 
processes  that  will  be  useful  in  assessing  functional  status  of  riparian-wetland  areas. 

Like  lotic  riparian-wetland  areas,  the  level  of  information  necessary  to  assess  PFC  for 
lentic  riparian-wetland  areas  will  vary.  Some  will  require  the  magnitude  of  effort 
provided  by  an  Ecological  Site  Inventory  (ESI)  to  assess  functionality,  while  others 
can  be  assessed  by  using  a checklist.  Information  pertaining  to  application  of  ESI  can 
be  found  in  TR  1737-7,  Procedures  for  Ecological  Site  Inventory — With  Special 
Reference  to  Riparian-Wetland  Sites  (Leonard  et  al.,  1992). 

Whether  employing  ESI  or  a checklist  to  assess  functioning  condition,  existing  files 
from  BLM  and  other  agencies  should  be  reviewed  for  pertinent  information.  Infor- 
mation may  exist  to  assess  functionality  for  some  riparian- wetland  areas  without 
having  to  go  to  the  field.  For  others,  the  information  will  be  useful  in  establishing 
capability  and  potential  or  trend. 

B.  Analyze  the  Definition 

In  assessing  PFC  for  lentic  riparian-wetland  areas,  the  definition  of  PFC  must  be 
analyzed,  but  adjusted  for  lentic  areas.  One  way  to  do  this  is  by  breaking  the  defini- 
tion down  as  follows: 

Lentic  riparian-wetland  areas  are  functioning  properly  when  adequate  vegetation, 
landform,  or  debris  is  present  to: 

1)  dissipate  energies  associated  with  wind  action,  wave  action,  and  overland 
flow  from  adjacent  sites,  thereby  reducing  erosion  and  improving  water 
quality; 

2)  filter  sediment  and  aid  floodplain  development; 

3)  improve  flood-water  retention  and  ground-water  recharge; 

4)  develop  root  masses  that  stabilize  islands  and  shoreline  features  against 
cutting  action; 
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5)  restrict  water  percolation; 

6)  develop  diverse  ponding  characteristics  to  provide  the  habitat  and  water 
depth,  duration,  and  temperature  necessary  for  fish  production,  waterbird 
breeding,  and  other  uses; 

7)  and  support  greater  biodiversity. 

Lentic  riparian-wetland  areas  are  functioning  properly  when  there  is  adequate  struc- 
ture present  to  provide  the  listed  benefits  applicable  to  a particular  area.  The  analysis 
must  be  based  on  the  riparian-wetland  area’s  capability  and  potential.  If,  for  example, 
the  system  does  not  have  the  potential  to  support  waterfowl  habitat,  that  criteria 
would  not  be  used  in  the  assessment. 

C.  Assess  Functionality 

1.  Attributes  and  Processes 

Assessing  PFC  for  a lentic  riparian-wetland  area,  just  as  for  a lotic  riparian-wetland 
area,  involves  understanding  the  attributes  and  processes  occurring  in  that  area.  Table 
1 provides  a list  of  attributes  and  processes  that  may  occur  in  any  given  lentic  ripar- 
ian-wetland area.  When  assessing  PFC,  attributes  and  processes  for  the  area  being 
evaluated  need  to  be  identified. 


To  understand  these  processes,  an  example  of  a palustrine  wetland  area  in  both  a 
functional  and  nonfunctional  condition  is  provided  in  Figure  1.  Applying  the 
Bureau  s definitions  for  PFC,  State  A would  be  classified  as  PFC.  Important  at- 
tributes and  processes  present  for  State  A are: 

Hydrogeomorphic  - Continuous  permafrost;  shoreline  shape;  and  depth,  dura- 
tion, and  frequency  of  inundation. 

Vegetation  - Community  types  and  distribution,  recruitment  and  reproduction, 
root  density,  community  dynamics,  and  survival. 

Erosion/Deposition  - Shoreline  stability. 

Soils  - Distribution  of  anaerobic  soil  and  ponding  frequency  and  duration. 
Water  Quality  - No  change. 

Biotic  Community  - Aquatic  plant  recruitment  and  reproduction  and  nutrient 
enrichment. 
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Mesic  Meadow 


Wet  Meadow/Marsh 

A 


Mesic  Meadow 


Figure  1.  Proper  functioning  condition  (A)  and  nonfunctional  condition  (B)  for  a lentic 
palustrine  wetland  area. 


Land  activities  that  disrupt  the  permafrost  layer  would  result  in  State  A progressing 
to  State  B.  State  B would  be  classified  as  nonfunctional.  The  following  changes  in 
attributes/processes  are  likely  in  State  B: 

Hydrogeomorphic  - Continuous  permafrost  (lost);  shoreline  shape  (changed); 
and  depth,  duration,  and  frequency  of  inundation  (decreased). 

Vegetation  - Community  types  and  distribution  (losl/changed),  recruitment  and 
reproduction,  root  density,  community  dynamics,  and  survival  (decreased). 

Erosion/Deposition  - Shoreline  stability  (decreased). 

Soils  - Distribution  of  anaerobic  soil  and  ponding  frequency  and  duration  (de- 
creased). 

Water  Quality  - Temperature  (increased),  pH  (changed). 

Biotic  Community  - Aquatic  plant  recruitment  and  reproduction  and  nutrient 
enrichment  (decreased). 
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Table  1.  Attributes/Processes  List  * 


Hydrogeomorphic 


Ground-Water  Discharge 
Permafrost 
Continuous 
Discontinuous 
Flood  Modification 
Inundation 
Depth 
Duration 
Frequency 

Semipermanently  Flooded 
Shoreline  Shape 


Vegetation 


Community  Types 
Community  Type  Distribution 
Surface  Density 
Canopy 

Community  Dynamics  and  Succession 

Recruitment/Reproduction 

Root  Density 

Survival 


Erosion/Deposition 


Shoreline  Stability 
Depositional  Features 


Soils 


Soil  Type 

Distribution  of  Aerobic/Anaerobic  Soils 
Annual  Pattern  of  Soil  Water  States 
Ponding  Frequency  and  Duration 
Underlying  Materials 


Water  Quality 


Temperature 

PH 

Dissolved  Solids 
Dissolved  Oxygen 


Biotic  Community 


Aquatic  Plants  Recruitment/Reproduction 
Nutrient  Enrichment 

I his  list  provides  examples  of  various  attributes/processes  that  may  be  present  in  a riparian-wetland 
area.  By  no  means  is  it  complete. 
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The  previous  example  would  be  found  in  Alaska  and  represents  one  of  many  types  of 
lentic  riparian-wetlands  found  on  public  lands.  However,  it  is  important  to  remember 
that  there  are  other  types  and  that: 

Riparian-wetland  areas  do  have  fundamental  commonalities  in  how  they 
function,  but  they  also  have  their  own  unique  attributes.  Riparian-wetland 
areas  can  and  do  function  quite  differently.  As  a result,  most  areas  need  to  be 
evaluated  against  their  own  capability  and  potential.  Even  for  similar  areas, 
human  influence  may  have  introduced  component(s)  that  have  changed  the 
area’s  capability  and  potential.  Assessments,  to  be  correct,  must  consider 
these  factors  and  the  uniqueness  of  each  system. 

2.  Capability  and  Potential 

Determining  functionality  of  lotic  riparian-wetland  areas  involves  determining  an 
area’s  capability  and  potential.  This  is  also  true  for  assessing  functionality  of  lentic 
riparian-wetland  areas.  The  same  approach  presented  in  TR  1737-9  can  be  used  for 
lentic  areas  and  is  as  follows: 

• Look  for  relic  areas  (exclosures,  preserves,  etc.). 

• Seek  out  historic  photos,  survey  notes,  and/or  documents  that  indicate  historic 
condition. 

• Search  out  species  lists  (animals  & plants  - historic  & present). 

• Determine  species  habitat  needs  (animals  & plants)  related  to  species  that  are/ 
were  present. 

• Examine  the  soils  and  determine  if  they  were  saturated  at  one  time  and  are 
now  well  drained? 

• Examine  the  hydrology;  establish  the  frequency  and  duration  of  flooding/ 
ponding. 

• Identify  vegetation  that  currently  exists.  Are  they  the  same  species  that 
occurred  historically? 

• Determine  the  entire  watershed’s  general  condition  and  identify  its  major 
landform(s). 

• Look  for  limiting  factors,  both  human-caused  and  natural,  and  determine  if 
they  can  be  corrected. 

This  approach  forms  the  basis  for  initiating  an  inventory  effort  like  ESI.  For  some 
areas,  conducting  an  ESI  effort  will  be  the  only  way  to  assess  an  area  s capability  and 
potential. 

Some  lentic  riparian-wetland  areas  will  be  prevented  from  achieving  their  potential 
because  of  limiting  factors  such  as  human  activities.  For  lentic  riparian-wetland 
areas,  most  of  these  limiting  factors  can  be  rectified  through  proper  management.  To 
identify  these  factors,  a limiting  factor  analysis  should  be  part  of  any  inventory 
method  applied  to  determine  capability  and  potential. 
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3.  Functioning  Condition 

When  determining  whether  a lentic  riparian-wetland  area  is  functioning  properly,  it  is 
important  to  determine  the  condition  of  the  entire  watershed.  The  entire  watershed 
can  influence  the  quality,  abundance,  and  stability  of  downstream  resources  by  con- 
trolling production  of  sediment  and  nutrients,  influencing  ponding  frequency  and 
duration,  and  modifying  the  distribution  of  chemicals  throughout  the  riparian-wetland 
area. 

Lentic  riparian-wetland  areas  can  function  properly  before  they  achieve  their 
Potential  Plant  Community  (PPC)  or  Potential  Natural  Community  (PNC).  The 

Bureau  s definition  does  not  mean  PNC  or  optimal  conditions  for  a particular  species 
have  to  be  achieved  to  be  rated  as  functioning  properly.  But  the  Bureau’s  goal  is  to 
achieve  an  advanced  ecological  status,  except  where  resource  management  objec- 
tives, including  PFC,  would  require  an  earlier  successional  stage,  thus  providing  the 
widest  variety  of  habitat  diversity  for  wildlife,  fish,  and  watershed  protection.  After 
achieving  PFC,  management  should  progress  towards  achieving  a desired  plant 
community  (DPC)  and  then  achieving  a desired  future  condition  (DFC). 

The  steps  in  Figure  2 in  TR  1737-9  (page  12)  provide  an  example  of  the  relationship 
between  PFC  and  vegetation  community  succession  for  a lotic  riparian-wetland  area. 
This  relationship  can  be  applied  to  lentic  riparian-wetland  areas  as  well.  If  vegetation 
succession  continues  uninterrupted  (Step  1 to  Step  2),  the  riparian-wetland  site  will 
progress  through  some  predictable  changes  from  early  serai  to  PNC  (although  not 
necessarily  as  linearly  as  depicted).  As  the  vegetation  community  progresses,  the 

riparian-wetland  area  will  advance  through  phases  of  not  functioning,  functioning 

at  risk,  and  properly  functioning. 


At  various  stages  within  this  successional  process,  the  riparian-wetland  area  will 
provide  a variety  of  values  for  different  uses  (Step  4).  Optimal  conditions  for  grazing 
occur  when  forage  is  abundant  and  the  area  is  stable  and  sustainable  (mid-seral). 
Wildlife  goals  depend  upon  the  species  for  which  the  area  is  being  managed.  If  the 
riparian-wetland  area  is  to  provide  nesting  habitat  for  waterfowl,  the  optimum  condi- 
tions might  be  late  serai.  If  the  area  is  to  provide  feeding  habitat  for  shorebirds,  the 
optimum  condition  might  be  mid-seral.  The  threshold  for  any  goal  is  at  least  PFC 
because  any  rating  below  this  would  not  be  sustainable.  For  riparian-wetland 
areas,  PFC  may  occur  from  early  serai  to  late  serai.  Desired  plant  community 
(DPC)  is  then  determined  based  on  management  objectives  through  an  interdiscipli- 
nary approach  (Step  5),  eventually  achieving  the  desired  future  condition  (Figure  2). 
Selection  of  plant  communities  and  future  conditions  needs  to  be  balanced 
within  a watershed(s)  and  within  an  ecoregion(s). 

When  rating  functionality,  it  will  be  easy  to  categorize  many  lentic  riparian-wetland 
areas  as  PFC  or  nonfunctional.  For  others  it  will  not  be  easy.  Difficulty  in  rating  PFC 
usually  arises  in  identifying  the  thresholds  that  allow  a riparian-wetland  area  to  move 
from  one  category  to  another. 
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Riparian-Wetland  Area 


Proper  Functioning  Condition 


Minimum  threshold 


Desired  plant  community  (DPC)  to  be  attained  is 
based  on  management  objectives  determined 
through  an  interdisciplinary  approach 


Desired  Future  Condition 


Figure  2. 


To  provide  consistency  in  reporting  PFC,  BLM  has  established  a standard  checklist 
for  lentic  riparian-wetland  areas  for  field  offices  to  initiate  this  process  (Appendix  A). 
BLM’s  lentic  checklist  may  not  answer  the  question  of  functionality  for  all  lentic 
riparian-wetland  areas.  On  occasion,  field  offices  will  find  that  blending  the  lentic 
checklist  with  the  lotic  checklist  is  necessary  to  assess  functionality  for  some  riparian- 
wetland  areas.  Some  areas  may  require  a more  intensive  inventory  effort,  like  ESI. 

Field  offices  can  add  elements  to  BLM’s  lentic  or  lotic  checklist  to  address  unique 
riparian-wetland  attributes  and  processes.  If  elements  are  added,  Field  offices  need 
to  make  sure  additions  can  be  quantified. 

To  further  assist  field  offices  in  assessing  functionality.  Appendix  B provides  ex- 
amples of  lentic  riparian-wetland  areas  that  depict  categories  of  PFC,  functional  — at 
risk,  and  nonfunctional. 


9 


III.  Problem  Wetlands 

Certain  wetlands  may  be  difficult  to  identify  because  field  indicators  of  the  three 
wetland  identification  criteria  may  be  absent,  at  least  at  certain  times  of  the  year. 

These  wetlands  are  considered  problem  wetlands  because  the  difficulty  in  identifica- 
tion is  generally  due  to  normal  environmental  conditions  and  not  the  result  of  human 
activities  or  catastrophic  natural  events,  with  the  exception  of  newly  created  wetlands. 
Because  of  the  difficulty  in  identifying  these  areas  as  wetlands,  there  will  be  a degree 
of  difficulty  in  assessing  their  functionality.  Field  offices  may  need  to  add  elements 
to  the  lentic  checklist  to  assess  these  problem  wetlands. 

Examples  of  problem  wetlands  are  discussed  below.  Learning  how  to  recognize  these 
wetlands  and  to  understand  their  attributes/processes  is  important  in  assessing  func- 
tionality. 

A.  Wetlands  Dominated  by  Facultative  Upland  (FACU)  Plant  Species 

Since  wetlands  often  exist  along  a natural  wetness  gradient  between  permanently 
flooded  substrates  and  better  drained  soils,  the  wetland  plant  communities  sometimes 
may  be  dominated  by  FACU  species.  Although  FACU-dominated  plant  communities 
are  usually  uplands,  they  sometimes  become  established  in  wetlands.  In  order  to 
determine  whether  a FACU-dominated  plant  community  constitutes  hydrophytic 
vegetation,  the  soil  and  hydrology  must  be  examined.  If  the  area  meets  the  hydric 
soil  and  wetland  hydrology  criteria,  then  the  vegetation  is  hydrophytic. 

B.  Evergreen  Forested  Wetlands 

Wetlands  dominated  by  evergreen  trees  occur  in  many  parts  of  the  country.  In  some 
cases,  the  trees  are  obligate  wetland  (OBL)  species,  facultative  wetland  (FACW) 
species,  and  facultative  (FAC)  species,  e.g.,  Atlantic  white  cedar  (Chamaecy paris 
thyoides ),  black  spruce  ( Picea  mariana ),  balsam  fir  ( Abies  balsamae ),  slash  pine 
(Pinus  elliottii ),  and  loblolly  pine  (P.  taeda ).  In  other  cases,  however,  the  dominant 
evergreen  trees  are  FACU  species,  including  red  spruce  ( Picea  rubens ),  Engelmann 
spruce  (P.  engelmannii ),  white  spruce  (P  glauce ),  Sitka  spruce  (P.  sitchensis ),  eastern 
white  pine  ( Pinus  strobus),  pitch  pine  (P.  rigida ),  lodgepole  pine  (P.  contorta ), 
longleaf  pine  (P  palustris ),  ponderosa  pine  (P.  banksiana ),  eastern  hemlock  ( Tsuga 
canadensis),  western  hemlock  (T.  heterophylla ),  Pacific  silver  fir  ( Abies  amabilis ), 
white  fir  (A.  concolor ),  and  subalpine  fir  (A.  lasiocarpa).  In  dense  stands,  these 
evergreen  trees  may  preclude  the  establishment  of  understory  vegetation  or,  in  some 
cases,  understory  vegetation  is  also  FACU  species.  Since  these  plant  communities  are 
usually  found  on  nonwetlands,  the  ones  established  in  wetland  areas  may  be  difficult 
to  recognize  at  first  glance.  The  landscape  position  of  the  evergreen  forested  areas, 
such  as  depressions,  drainageways,  bottomlands,  flats  in  sloping  terrain,  and  seepage 
slopes,  should  be  considered  because  it  often  provides  good  clues  to  the  likelihood  of 
a wetland.  Soils  also  should  be  examined  in  these  situations.  Procedures  for  identify- 
ing these  wetlands  are  the  same  as  those  for  FACU-dominated  wetlands  described 
above. 
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C.  Glacial  Till  Wetlands 


Sloping  wetlands  occur  in  glaciated  areas  where  thin  soil  covers  relatively  imperme- 
able glacial  till  or  where  layers  of  glacial  till  have  different  hydraulic  conditions  that 
permit  ground-water  seepage.  Such  areas  are  seldom,  if  ever,  flooded,  but  downslope 
ground-water  movement  keeps  the  soils  saturated  for  a sufficient  portion  of  the 
growing  season  to  produce  anaerobic  and  reducing  soil  conditions.  This  promotes 
development  of  hydric  soils  and  hydrophytic  vegetation.  Indicators  of  wetland 
hydrology  may  be  lacking  during  the  drier  portion  of  the  growing  season.  Hydric  soil 
indicators  also  may  be  lacking  because  certain  areas  are  so  rocky  that  it  is  difficult  to 
examine  soil  characteristics  within  1 8 inches. 

D.  Highly  Variable  Seasonal  Wetlands 

In  many  regions  (especially  in  arid  and  semiarid  regions),  depressional  areas  occur 
that  may  have  indicators  of  all  three  wetland  criteria  during  the  wetter  portion  of  the 
growing  season,  but  normally  lack  indicators  of  wetland  hydrology  and/or  hydro- 
phytic vegetation  during  the  drier  portion  of  the  growing  season.  In  addition,  some  of 
these  areas  lack  field  indicators  of  hydric  soil.  OBL  and  FACW  plant  species  nor- 
mally are  dominant  during  the  wetter  portion  of  the  growing  season,  while  FACU  and 
obligate  upland  (UPL)  species  (usually  annuals)  may  be  dominant  during  the  drier 
portion  of  the  growing  season  and  for  some  time  after  droughts.  Examples  of  highly 
variable  seasonal  wetlands  are  pothole  wetlands  in  the  upper  Midwest,  playa  wetlands 
in  the  Southwest,  and  vernal  pools  along  the  coast  of  California.  It  is  important  to 
become  familiar  with  the  ecology  of  these  and  similar  types  of  wetlands  and  to  be 
particularly  aware  of  drought  conditions  that  permit  invasion  of  UPL  species  (even 
perennials). 

E.  Interdunal  Swale  Wetlands 

Along  the  U.S.  coastline,  seasonally  wet  swales  supporting  hydrophytic  vegetation 
are  located  within  sand  dune  complexes  on  barrier  islands  and  beaches.  Some  of 
these  swales  are  inundated  or  saturated  to  the  surface  for  considerable  periods  during 
the  growing  season,  while  others  are  wet  for  only  the  early  part  of  the  season.  In 
some  cases,  swales  may  be  flooded  irregularly  by  the  tides.  These  wetlands  have 
sandy  soils  that  generally  lack  field  indicators  of  hydric  soil.  In  addition,  indicators 
of  wetland  hydrology  may  be  absent  during  the  drier  part  of  the  growing  season. 
Consequently,  these  wetlands  may  be  difficult  to  identify. 

F.  Vegetated  River  Bars  and  Adjacent  Flats  Wetlands 

Along  Western  streams  in  arid  and  semiarid  parts  of  the  country,  some  river  bars  and 
flats  may  be  vegetated  by  FACU  species  while  others  may  be  colonized  by  wetter 
species.  If  these  areas  are  frequently  inundated  for  1 or  more  weeks  during  the 
growing  season,  they  are  wetlands.  The  soils  often  do  not  reflect  the  characteristic 
field  indicators  of  hydric  soils,  however,  and  thereby  pose  delineation  problems. 
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G.  Vegetated  Flats  Wetlands 

Vegetated  flats  are  characterized  by  a marked  seasonal  periodicity  in  plant  growth. 
They  are  dominated  by  annual  OBL  species,  such  as  wild  rice  ( Zizania  aquatica), 
and/or  perennial  OBL  species,  such  as  spatterdock  ( Nuphar  luteum ),  that  have  non- 
persistent  vegetative  parts  (i.e.,  leaves  and  stems  break  down  rapidly  during  the 
winter,  providing  no  evidence  of  the  plant  on  the  wetland  surface  at  the  beginning  of 
the  next  growing  season).  During  winter  and  early  spring,  these  areas  lack  vegetative 
cover  and  resemble  mud  flats;  therefore,  they  do  not  appear  to  qualify  as  wetlands. 

But  during  the  growing  season  the  vegetation  becomes  increasingly  evident,  qualify- 
ing the  area  as  a wetland.  In  evaluating  these  areas,  which  occur  both  in  coastal  and 
interior  parts  of  the  country,  the  time  of  year  of  the  field  observation  and  the  seasonal- 
ity of  the  vegetation  must  be  considered.  Again,  it  is  important  to  become  familiar 
with  the  ecology  of  these  wetland  types. 

H.  Newly  Created  Wetlands 

These  wetlands  include  manmade  (artificial)  wetlands,  beaver-created  wetlands,  and 
other  natural  wetlands.  Artificial  wetlands  may  be  purposely  or  accidentally  created 
by  human  activities  (e.g.,  road  impoundments,  undersized  culverts,  irrigation,  and 
seepage  from  earth-dammed  impoundments).  Many  of  these  areas  will  have  indica- 
tors of  wetland  hydrology  and  hydrophytic  vegetation.  But  the  area  may  lack  typical 
field  characteristics  of  hydric  soils,  since  the  soils  have  just  recently  been  inundated 
and/or  saturated.  Since  all  of  these  wetlands  are  newly  established,  field  indicators  of 
one  or  more  of  the  wetland  identification  criteria  may  not  be  present. 

I.  Entisols  (Floodplain  and  Sandy  Soils)  Wetlands 

Entisols  are  usually  young  or  recently  formed  soils  that  have  little  or  no  evidence  of 
pedogenically  developed  horizons.  These  soils  are  typical  of  floodplains  throughout 
the  U.S.,  but  are  also  found  in  glacial  outwash  plains,  along  tidal  waters,  and  in  other 
areas.  They  include  sandy  soils  of  riverine  islands,  bars,  and  banks  and  finer-textured 
soils  of  floodplain  terraces.  Wet  entisols  have  an  aquic  or  peraquic  moisture  regime 
and  are  considered  hydric  soils,  unless  effectively  drained.  Some  entisols  are  easily 
recognized  as  hydric  soils,  such  as  the  sulfaquents  of  tidal  salt  marshes,  whereas 
others  pose  problems  because  they  do  not  possess  typical  hydric  soil  field  indicators. 
Wet  sandy  entisols  (with  loamy  fine  sand  and  coarser  textures  in  horizons  within  20 
inches  of  the  surface)  may  lack  sufficient  organic  matter  and  clay  to  develop  hydric 
soil  colors.  When  these  soils  have  a hue  between  10YR  and  10Y  and  distinct  or 
prominent  mottles  present,  a chroma  of  3 or  less  is  permitted  to  identify  the  soil  as 
hydric  (i.e.,  an  aquic  moisture  regime). 

J.  Mollisols  (Prairie  and  Steppe  Soils)  Wetlands 

Mollisols  are  dark-colored,  base-rich  soils.  They  are  common  in  the  central  part  of 
the  conterminous  U.S.  from  eastern  Illinois  to  Montana  and  south  to  Texas.  Natural 
vegetation  is  mainly  tall  grass  prairies  and  short  grass  steppes.  These  soils  typically 
have  deep,  dark  topsoil  layers  (mollic  epipedons)  and  low  chroma  matrix  colors  to 
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considerable  depths.  They  are  rich  in  organic  matter  due  largely  to  the  vegetation 
(deep  roots)  and  reworking  of  the  soil  and  organic  matter  by  earthworms,  ants,  moles, 
and  rodents.  The  low  chroma  colors  of  mollisols  are  not  necessarily  due  to  prolonged 
saturation,  so  making  wetland  determinations  in  these  soils  requires  particular  care.  It 
is  important  to  become  familiar  with  the  characteristics  of  mollisols  with  aquic 
moisture  regimes,  since  they  are  usually  hydric,  unless  effectively  drained,  and  to  be 
able  to  distinguish  these  from  nonhydric  mollisols. 
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IV.  Instituting  the  Process 

A.  Planning 

The  process  established  in  TR  1737-9  for  incorporating  the  information  collected  into 
a management  plan  would  apply  to  lentic  riparian-wetland  areas  also.  That  process  is 
as  follows: 

Step  1 Existing  Condition  - Determine  the  existing  riparian-wetland  and 
watershed  condition  using  BLM  standard  inventory  methods. 

Step  2 Potential  Condition  - Determine  PNC  by  using  relic  areas,  historic 
photos,  etc.  (ESI  process). 

Step  3 PFC  - Determine  the  minimum  conditions  required  for  the  area  to 
function  properly. 

Step  4 Resource  Values  - Determine  existing  and  potential  resource  values  and 
the  plant  communities  necessary  to  support  these  values. 

Step  5 Management  Goals  - Negotiate  specific  objectives  to  reach  manage- 
ment goals  for  the  watershed,  DPC,  or  DFC. 

Step  6 Planned  Actions  - Design  management  actions  to  achieve  the  DPC. 

Step  7 Monitoring  - Design  appropriate  monitoring  strategies  to  assess 
progress  towards  meeting  management  goals. 

Step  8 Flexibility  - Maintain  management  flexibility  to  accommodate  change 
based  upon  monitoring  results. 

B.  Management 

For  BLM  to  be  successful  in  reaching  its  goal  of  having  75  percent  of  its  riparian- 
wetland  areas  functioning  properly  by  1997,  best  management  practices  need  to  be  set 
in  motion.  Successful  management  strategies  address  the  entire  watershed.  Upland 
and  riparian-wetland  areas  are  interrelated  and  cannot  be  considered  separately. 
Technical  references  such  as  TR  1737-4  (Kinch,  1989)  and  TR  1737-6  (Smith  and 
Prichard,  1992)  are  tools  that  can  be  used  to  develop  management  techniques. 

C.  Monitoring 

Management  effectiveness  can  be  assessed  and  progress  towards  meeting  PFC  can  be 
documented  through  monitoring.  Sites  should  be  revisited  periodically  as  part  of  the 
overall  monitoring  program.  Areas  rated  at  a single  point  in  time  can  reflect  short- 
term factors  such  as  climatic  conditions.  Monitoring  will  reflect  longer-term  trends. 
Technical  references  such  as  TR  1737-3  (Myers,  1989)  are  tools  that  can  be  used  to 
develop  monitoring  criteria. 
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V.  Summary 


Riparian-wetland  areas  constitute  an  important  resource  on  lands  managed  by  BLM. 
BLM’s  goal  is  to  have  75  percent  of  its  riparian-wetlands  functioning  properly  by 
1997.  This  document  supplements  TR  1737-9  and  provides  a thought  process  for 
assessing  functioning  condition  of  lentic  riparian-wetland  areas. 


The  status  of  some  lentic  riparian-wetland  areas  will  be  relatively  easy  to  discern 
while  the  status  of  others  will  be  less  evident.  Appendix  A contains  the  minimum 
national  standards  that  BLM  field  offices  will  use  in  making  this  assessment  for  lentic 
riparian-wetland  areas.  For  hard-to-discem  areas,  Ecological  Site  Inventory  may  be 
the  only  method  to  determine  capability  and  potential  and  assess  functionality.  Using 
either  method  requires  an  interdisciplinary  team  to  adequately  address  the  complexi- 
ties associated  with  lentic  riparian-wetland  areas  and  to  report  their  functioning 
condition. 

The  lack  of  specific  information  will  place  many  lentic  riparian- wetland  areas  into  the 
category  of  unknown.  In  order  for  BLM  to  make  an  adequate  assessment  of  progress 
towards  its  goal,  it  is  imperative  that  areas  for  which  no  data  exists  be  evaluated  and 
added  to  the  data  base.  As  information  is  acquired  and  resource  values  are  identified, 
best  management  practices  need  to  be  set  in  motion.  Successful  management  strate- 
gies have  to  address  the  entire  watershed,  as  upland  and  riparian-wetland  areas  are 
interrelated  and  cannot  be  considered  separately. 
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Glossary  of  Terms 

Advanced  Ecological  Status  - A community  with  a high  coefficient  of  similarity  to  a 
defined  or  perceived  PNC  for  an  ecological  site,  usually  late  serai  or  PNC  ecological 
status. 

Aerobic  - A condition  in  which  molecular  oxygen  is  a part  of  the  environment. 

Anaerobic  - A condition  in  which  molecular  oxygen  is  absent  (or  effectively  so)  from 
the  environment. 

Duration-Frequency  - A general  descriptive  term  for  the  average  duration  of  soil 
inundation  per  flood  occurrence  for  a geographic  area.  Categories  include:  very  brief 
(less  than  2 days);  brief  (2  to  7 days);  long  (7  days  to  1 month);  very  long  (more  than 
1 month);  and  flash  flooding  (less  than  2 hours). 

Facultative  (FAC)  Species  - Plant  species  that  are  equally  likely  to  occur  in  wetlands 
or  nonwetlands  (estimated  probability  34-66%). 

Facultative  Upland  (FACU)  Species  - Plant  species  that  usually  occur  in 
nonwetlands  (estimated  probability  67-99%),  but  occasionally  are  found  in  wetlands 
(estimated  probability  1-33%). 

Facultative  Wetland  (FACW)  Species  - Plant  species  that  usually  occur  in  wetlands 
(estimated  probability  67-99%),  but  occasionally  are  found  in  nonwetlands. 

Frost  (or  abnormal  hydrologic)  Heaving  - The  lifting  of  a surface  by  the  internal 
action  of  frost  or  hydrostatic  pressure.  It  generally  occurs  after  a thaw,  when  the  soil 
is  filled  with  water  droplets  and  the  temperature  suddenly  drops  below  freezing;  the 
droplets  then  become  ice  crystals,  and  their  expansion  causes  an  upward  movement  of 
the  soil.  The  process  is  exacerbated  when  there  is  compaction  between  plant  tussocks 
(e.g.,  from  hoof  action)  and/or  excessive  removal  of  thermal  vegetation  cover.  The 
result  is  the  hummocked  appearance  of  plants  being  elevated  above  the  normal 
ground  surface,  root  shearing  between  plants,  and  exposure  of  interspaces  to  in- 
creased erosional  forces. 

Hydric  Soils  - Soils  that  are  flooded,  ponded,  or  saturated  for  usually  1 week  or  more 
during  the  period  when  soil  temperatures  are  above  biologic  zero  (41°  F).  Complete 
criteria  can  be  found  in  BLM  Technical  Reference  1737-7. 

Obligate  Upland  (UPL)  Species  - Plant  species  that  occur  in  wetlands  in  another 
region,  but  occur  almost  always  (estimated  probability  >99%)  under  natural  condi- 
tions in  nonwetlands  in  the  region  specified. 

Obligate  Wetland  (OBL)  Species  - Plant  species  that  occur  almost  always  (esti- 
mated probability  >99%)  under  natural  conditions  in  wetlands. 
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Ponding-Frequency  - A general  descriptive  term  for  the  relative  change  of  reoccur- 
rence of  a flooding  event  for  a geographic  area.  Categories  include:  none  (0  percent 
chance);  rare  (0  to  5 percent  chance);  occasional  (5  to  50  percent  chance);  and  fre- 
quent (greater  than  50  percent  chance). 

Potential  Plant  Community  - Represents  the  serai  stage  the  botanical  community 
would  achieve  if  all  successional  sequences  were  completed  without  human  interfer- 
ence under  the  present  environmental  conditions. 

Riparian-Wetland  Ecological  Site  - An  area  of  land  with  a specific  potential  plant 
community  and  specific  physical  site  characteristics,  differing  from  other  areas  of 
land  in  its  ability  to  produce  vegetation  and  to  respond  to  management.  Ecological 
site  is  synonymous  with  range  site. 

Vegetation  Community  Dynamics  - Response  of  plant  communities  to  changes  in 
their  environment,  to  their  use,  and  to  stresses  to  which  they  are  subjected.  Climatic 
cycles,  fire,  insects,  grazing,  and  physical  disturbances  are  some  of  the  many  causes 
of  changes  in  plant  communities.  Some  changes  are  temporary  while  others  are  long 
lasting. 

Vegetation  Community  Succession  - Primary  succession  is  a sequence  of  plant 
community  changes  from  the  initial  colonization  of  a bare  soil  toward  a PNC.  Sec- 
ondary succession  may  involve  sequences  of  plant  community  change  from  PNC  due 
to  perturbations,  or  a sequence  toward  PNC  again  following  a perturbation.  Vegeta- 
tion community  succession  may  be  accompanied  by  subtle  but  significant  changes  in 
temporal  soil  characteristics  such  as  bulk  density,  nutrient  cycling,  and  microclimatic 
changes,  but  is  differentiated  from  major  physical  state  changes  such  as  landform 
modification  or  long-term  elevation  or  lowering  of  a water  table  that  would  change 
the  PNC  of  an  ecological  site. 
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Appendix  A 

Lentic  Riparian-Wetland  Functional 

Checklist 
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General  Instructions 


1)  The  concept  “Relative  to  Capability”  applies  wherever  it  may  be  inferred. 

2)  This  checklist  constitutes  the  Minimum  National  Standards  required  to  deter- 
mine Proper  Functioning  Condition  of  lentic  riparian-wetland  areas. 

3)  As  a minimum,  an  ID  Team  will  use  this  checklist  to  determine  the  degree  of 
function  of  a lentic  riparian-wetland  area. 

4)  Mark  one  box  for  each  element.  Elements  are  numbered  for  the  purpose  of 
cataloging  comments.  The  numbers  do  not  declare  importance. 

5)  For  any  item  marked  “No,”  the  severity  of  the  condition  must  be  explained  in  the 
“Remarks”  section  and  must  be  a subject  for  discussion  with  the  ID  Team  in 
determining  riparian- wetland  functionality.  Using  the  “Remarks”  section  to  also 
explain  items  marked  “Yes”  is  encouraged  but  not  required. 

6)  Based  on  the  ID  Team’s  discussion,  “functional  rating”  will  be  resolved  and  the 
checklist’s  summary  section  will  be  completed. 

7)  Establish  photo  points  where  possible  to  document  the  site. 
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Lentic  Standard  Checklist 


Name  of  Riparian- Wetland  Area: 


Date: Area/Segment  ID: Acres: 

ID  Team  Observers: 


Yes 

No 

N/A 

HYDROLOGIC 

1)  Riparian-wetland  area  is  saturated  at  or  near  the  surface  or 
inundated  in  “relatively  frequent”  events  (1-3  years) 

2)  Fluctuation  of  water  levels  is  not  excessive 

3)  Riparian-wetland  zone  is  enlarging  or  has  achieved  potential  extent 

4)  Upland  watershed  not  contributing  to  riparian-wetland  degradation 

5)  Water  quality  is  sufficient  to  support  riparian-wetland  plants 

6)  Natural  surface  or  subsurface  flow  patterns  are  not  altered  by 
disturbance  (i.e.,  hoof  action,  dams,  dikes,  trails,  roads,  rills,  gullies, 
drilling  activities) 

7)  Structure  accommodates  safe  passage  of  flows  (e.g.,  no  headcut 
affecting  dam  or  spillway) 

Yes 

No 

N/A 

VEGETATION 

8)  Diverse  age-class  distribution  (recruitment  for  maintenance/recovery) 

9)  Diverse  composition  of  vegetation  (for  maintenance/recovery) 

10)  Species  present  indicate  maintenance  of  riparian-wetland  soil  moisture 
characteristics 

11)  Vegetation  is  comprised  of  those  plants  or  plant  communities  that  have 
root  masses  capable  of  withstanding  wind  events,  wave  flow  events,  or 
overland  flows  (e.g.,  storm  events,  snowmelt) 

12)  Riparian-wetland  plants  exhibit  high  vigor 

13)  Adequate  vegetative  cover  present  to  protect  shorelines/soil  surface  and 
dissipate  energy  during  high  wind  and  wave  events  or  overland  flows 

A//j 

14)  Frost  or  abnormal  hydrologic  heaving  is  not  present 

15)  Favorable  microsite  condition  (i.e.,  woody  debris,  water  temperature, 
etc.)  is  maintained  by  adjacent  site  characteristics 

Yes 

No 

N/A 

SOILS-EROSION  DEPOSITION 

16)  Accumulation  of  chemicals  affecting  plant  productivity/composition  is  not 
apparent 

17)  Saturation  of  soils  (i.e.,  ponding,  flooding  frequency  and  duration)  is 
sufficient  to  compose  and  maintain  hydric  soils 

18)  Underlying  geologic  structure/soil  material/permafrost  is  capable  of 
restricting  water  percolation 

19)  Riparian-wetland  is  in  balance  with  the  water  and  sediment  being 
supplied  by  the  watershed  (i.e.,  no  excessive  erosion  or  deposition) 

20)  Islands  and  shoreline  characteristics  (i.e.,  rocks,  course  and/or  large 
woody  debris)  adequate  to  dissipate  wind  and  wave  event  energies 
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Remarks 


Summary  Determination 


Functional  Rating: 

Proper  Functioning  Condition  

Functional — At  Risk  

Nonfunctional  

Unknown  

Trend  for  Functional— At  Risk: 

Upward  

Downward  

Not  Apparent  

Are  factors  contributing  to  unacceptable  conditions  outside  BLM’s  control  or 
management? 


Yes 

No  

If  yes,  what  are  those  factors? 

Dewatering  Mining  activities  Watershed  condition 

Dredging  activities  Road  encroachment  Land  ownership 

Other  (specify) 
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Appendix  B 

Lentic  Riparian- Wetland  Examples 
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salipijg  apq 


Forested  Wetland — Oregon 
Proper  Functioning  Condition 


Forested  Wetland — Oregon 
Functional — At  Risk 
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Forested  Wetland — Oregon 
Proper  Functioning  Condition 


The  photo  to  the  left  is  an  example  of  a landslide  sag  pond  found  in  the  Coastal 
Range,  Oregon.  This  lentic  form  of  wetland  would  be  rated  PFC  relative  to  BLM’s 
definition.  The  wetland  contains  adequate  vegetation,  landform,  and  large  woody 
debris  which  provide  root  masses  that  stabilize  shoreline  features  against  cutting 
actions;  filter  sediment  and  aid  floodplain  development;  maintain  hydric  soils;  restrict 
water  percolation;  and  provide  favorable  microsite  conditions  that  support  greater 
biodiversity. 


Forested  Wetland — Oregon 
Functional — At  Risk 

The  photo  to  the  left  is  an  example  of  a lentic  wetland  in  Oregon  that  would  be  rated 
functional  — at  risk.  Most  of  the  physical  attributes/processes  (i.e.,  diverse  compo- 
sition of  vegetation  for  maintenance/recovery,  underlying  materials  that  restrict  water 
percolation,  etc.)  are  in  place  to  allow  this  system  to  function  properly.  However,  this 
wetland  is  rated  functional  — at  risk  because  it  lacks  adjacent  site  characteristics  to 
control  water  temperatures  and  to  prevent  soils  from  inundating  the  site  due  to  exces- 
sive erosion. 
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Clav  Bridges 


Lacustrine  Wetland — New  Mexico 
Functional — At  Risk 


Playa  Wetland — New  Mexico 
Proper  Functioning  Condition 
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Lacustrine  Wetland — New  Mexico 
Functional — At  Risk 

This  photo  shows  an  example  of  a lacustrine  wetland  in  New  Mexico  that  would  be 
rated  functional  — at  risk  because  natural  overland  flow  patterns  have  been  altered 
by  surface  disturbances.  Surface  disturbances,  like  the  trails  in  this  photo,  intercept, 
divert,  and  concentrate  overland  flows  away  from  the  wetland  site.  This  diversion 
and  concentration  of  overland  flows  increase  energies  which  form  headcuts  that  drain 
the  site,  thus  reducing  the  wetland’s  ability  to  maintain  hydric  soils  and  associated 
vegetation.  If  allowed  to  continue,  the  wetland  will  eventually  be  lost. 


Playa  Wetland — New  Mexico 
Proper  Functioning  Condition 

In  New  Mexico,  depressional  areas  (playas)  such  as  in  the  photo  to  the  left  have 
wetland  indicators  during  the  wetter  portion  of  a growing  season,  but  normally  lack 
indicators  during  the  drier  portion  of  the  growing  season  (see  Problem  Wetlands 
section  for  more  information).  Assessing  functionality  of  a playa  requires  under- 
standing that  system’s  attributes/processes  (i.e.,  ponding  frequency  and  duration, 
community  dynamics  and  succession,  recruitment  and  reproduction,  etc.).  The  playa 
wetland  in  this  photo  would  normally  be  rated  PFC. 

This  wetland  would  be  rated  functional  — at  risk  if  underlying  materials  have  been 
disturbed  that  restricted  percolation,  or  overland  flows  to  the  playa  have  been  re- 
stricted. Alteration  of  the  natural  topography  that  drains  the  wetland  would  result  in  a 
rating  of  nonfunctional. 
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BLM  Kremmling  Resource  Area 


Lacustrine  Wetland — Colorado 
Functional— At  Risk/Proper  Functioning  Condition 


Seep  Wetland — Nevada 
Nonfunctional 
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Lacustrine  Wetland — Colorado 
Functional — At  Risk/Proper  Functioning  Condition 

The  lacustrine  wetland  in  the  photo  to  the  left  would  be  rated  functional  — at  risk  on 
the  left  side  and  PFC  on  the  right  side.  Most  of  the  attributes/processes  on  the  left 
side  indicate  a functioning  system  (i.e.,  diverse  composition  of  vegetation,  saturation 
of  soils  sufficient  to  compose  and  maintain  hydric  soils,  no  excessive  erosion  or 
deposition,  etc.).  The  left  side  is  rated  functional  — at  risk  due  to  the  presence  of 
abnormal  hydrologic  heaving.  Over  time,  hydrologic  heaving  will  change  composi- 
tion of  vegetation  and  may  drain  the  site. 

All  the  attributes/process  on  the  right  side  of  this  photo  indicate  a functioning  system. 


Seep  Wetland — Nevada 
Nonfunctional 

The  photo  to  the  left  shows  an  example  of  a seep  located  in  Nevada  that  would  be 
rated  as  nonfunctional  relative  to  BLM’s  definition  for  proper  functioning  condition. 
This  wetland  clearly  does  not  provide  adequate  vegetation  to  filter  sediment  and  aid 
wetland  development,  lacks  adequate  cover  to  protect  the  area  from  erosion  or  depo- 
sition as  a result  of  overland  flows,  lacks  diverse  age-class  distribution  and  composi- 
tion of  vegetation  to  allow  recovery,  and  does  not  provide  wetland  characteristics 
necessary  to  support  aquatic  or  other  species.  This  lack  of  vegetation  and  the  area’s 
lack  of  balance  with  the  sediment  being  supplied  have  permitted  three  things  to  occur: 
1)  the  extent  of  the  wetland  has  been  greatly  reduced,  2)  the  wetland’s  water  quality 
has  been  altered,  and  3)  the  wetland’s  diversity  of  aquatic  vegetation  has  been  greatly 
reduced.  The  area  provides  little  biodiversity. 
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Steve  Leonard  Clay  Bridges 


Palustrine  Wetland — Nevada 
Proper  Functioning  Condition 


Wet  Meadow  Wetland — Idaho 
Functional — At  Risk 
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Palustrine  Wetland — Nevada 
Proper  Functioning  Condition 


Wetlands  that  have  achieved  late  serai  or  PNC,  as  Locke's  Pond  has  in  the  photo  at 
left,  can  easily  be  placed  into  the  appropriate  category.  Using  the  Bureau  definition, 
Locke’s  Pond  would  have  a rating  of  PFC.  Completing  a lentic  checklist  on  this  area 
would  result  in  a yes  or  N/A  answer  for  the  20  items.  The  physical  processes  are 
functioning,  and  the  wetland  is  supporting  diverse  ponding  characteristics  that  pro- 
vide the  habitat  and  the  water  depth,  duration,  and  temperature  necessary  for  fish 
production,  waterbird  breeding,  and  other  uses.  Locke’s  Pond  is  providing 
biodiversity. 


Wet  Meadow  Wetland — Idaho 
Functional — At  Risk 

The  wet  meadow  pictured  at  left  would  be  rated  functional  — at  risk  relative  to 
BLM’s  definition  for  proper  functioning  condition,  even  though  most  of  the  at- 
tributes/processes indicate  a functioning  system.  Currently,  most  of  the  wetland  is 
saturated  at  or  near  the  surface  with  “relatively  frequent  events”  that  maintain  its 
hydric  soils,  contains  a diverse  composition  of  vegetation  which  can  maintain  the 
wetland,  is  comprised  of  those  plants  or  plant  communities  that  have  root  masses 
capable  of  withstanding  overland  flow  events,  and  is  in  balance  with  the  water  and 
sediment  being  supplied  by  the  watershed  (i.e.,  no  excessive  erosion  or  deposition), 
etc. 

The  reason  this  wetland  is  rated  functional  — at  risk  is  that  abnormal  frost  heaving  is 
present.  Hydrologic  or  frost  heaving,  allowed  to  continue  over  time,  will  change  the 
vegetation  composition.  This  change  in  vegetation  will  reduce  the  extent  of  the 
wetland  and  may  eventually  drain  the  wetland. 
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Prairie  Pothole  Wetland — Montana 
Proper  Functioning  Condition 


Prairie  Pothole  Wetland — Montana 
Functional — At  Risk 
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Prairie  Pothole  Wetland — Montana 
Proper  Functioning  Condition 

Prairie  potholes  are  classified  as  highly  variable  seasonal  wetlands.  During  drier 
climatic  cycles  or  the  drier  portion  of  a growing  season,  these  wetlands  may  lack 
hydrology  and/or  hydrophytic  vegetation  indicators  that  would  identify  them  as 
wetlands.  During  wet  years,  they  provide  a diverse  composition  of  wetland  vegeta- 
tion, but  during  dry  years,  the  wetland  species  may  be  replaced  with  upland  species. 
Potholes  in  Montana,  on  average,  are  inundated  only  1 in  5 years. 

The  photo  to  the  left  shows  an  example  of  a Montana  prairie  pothole  wetland  that 
would  be  rated  PFC.  This  pothole  contains  adequate  vegetation  to  dissipate  energies 
associated  with  wind  action,  wave  action,  and  overland  flow  from  adjacent  sites; 
restricts  water  percolation;  provides  ponding  characteristics  that  provide  habitat  for 
waterbird  breeding;  etc.,  relative  to  its  capability  and  potential. 


Prairie  Pothole  Wetland — Montana 
Functional — At  Risk 

The  photos  to  the  left  show  an  example  of  an  artificially  enhanced  prairie  pothole.  An 
earthen  dam  has  been  constructed  that  collects  and  stores  additional  overland  flow, 
creating  a more  permanent  site.  Previously  this  pothole  would  have  been  classified  as 
highly  variable  seasonal  wetland,  but  now  it  would  be  classified  as  a palustrine 
wetland. 

At  first  glance  this  wetland  would  be  rated  PFC.  The  wetland  is  saturated  at  or  near 
the  surface  in  relatively  frequent  events,  provides  water  quality  that  supports  wetland 
plants,  provides  a diverse  age  class  and  composition  of  vegetation,  has  adequate 
vegetative  cover  to  protect  shorelines  during  high  wind  and  wave  events,  and  pro- 
vides greater  biodiversity,  etc.  However,  this  wetland  is  not  rated  PFC  because  the 
structure  is  no  longer  accommodating  the  safe  passage  of  flows.  A headcut  has 
developed  in  the  spillway  that  threatens  the  integrity  of  the  dam  (see  insert).  The 
spillway  is  located  to  the  left  of  the  rock  in  the  main  photo.  The  correct  rating  would 
be  functional  — at  risk. 
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Standard  Checklist 


Name  of  Riparian-Wetland  Area: 

£>ate: Segment/Reach  ID: 

Miles: Acres: 

ID  Team  Observers:  — 


Yes 

No 

N/A 

HYDROLOGIC 

Floodplain  inundated  in  “relatively  frequent”  events  (1-3  years) 

Active/stable  beaver  dams 

Sinuosity,  width/depth  ratio,  and  gradient  are  in  balance  with  the 
landscape  setting  (i.e.,  landform,  geology,  and  bioclimatic  region) 

Riparian  zone  is  widening 

Upland  watershed  not  contributing  to  riparian  degradation 

Yes 

No 

N/A 

VEGETATIVE 

Diverse  age  structure  of  vegetation 

Diverse  composition  of  vegetation 

Species  present  indicate  maintenance  of  riparian  soil  moisture 
characteristics 

Streambank  vegetation  is  comprised  of  those  plants  or  plant 
communities  that  have  root  masses  capable  of  withstancjjng  high 
streamflow  events 

Riparian  plants  exhibit  high  vigor 

Adequate  vegetative  cover  present  to  protect  banks  and  dissipate 
energy  during  high  flows 

Plant  communities  in  the  riparian  area  are  an  adequate  source  of 
coarse  and/or  large  woody  debris 

Yes 

No 

N/A 

EROSION  DEPOSITION 

Floodplain  and  channel  characteristics  (i.e.,  rocks,  coarse  and/or 
large  woody  debris)  adequate  to  dissipate  energy 

Point  bars  are  revegetating 

Lateral  stream  movement  is  associated  with  natural  sinuosity 

System  is  vertically  stable 

Stream  is  in  balance  with  the  water  and  sediment  being  supplied 
by  the  watershed  (i.e.,  no  excessive  erosion  or  deposition) 
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Remarks 


Summary  Determination 


Functional  Rating: 

Proper  Functioning  Condition  

Functional — At  Risk  

Nonfunctional  

Unknown  

Trend  for  Functional — At  Risk: 

Upward  

Downward  _ 

Not  Apparent  

Are  factors  contributing  to  unacceptable  conditions  outside  BLM’s  control  or 
management? 


Yes 

No 


If  yes,  what  are  those  factors? 

1 low  regulations  Mining  activities  Upstream  channel  conditions 

Channelization  Road  encroachment Oil  field  water  discharge 

_ Augmented  flows Other  (specify) 
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Lentic  Standard  Checklist 


Name  of  Riparian- Wetland  Area: 

Date: Area/Segment  ID: Acres: 


ID  Team  Observers: 


Yes 

No 

N/A 

HYDROLOGIC 

1)  Riparian-wetland  area  is  saturated  at  or  near  the  surface  or 
inundated  in  “relatively  frequent"  events  (1-3  years) 

2)  Fluctuation  of  water  levels  is  not  excessive 

3)  Riparian-wetland  zone  is  enlarging  or  has  achieved  potential  extent 

4)  Upland  watershed  not  contributing  to  riparian-wetland  degradation 

5)  Water  quality  is  sufficient  to  support  riparian-wetland  plants 

6)  Natural  surface  or  subsurface  flow  patterns  are  not  altered  by 
disturbance  (i.e.,  hoof  action,  dams,  dikes,  trails,  roads,  rills,  gullies, 
drilling  activities) 

7)  Structure  accommodates  safe  passage  of  flows  (e.g.,  no  headcut 
affecting  dam  or  spillway) 

Yes 

No 

N/A 

VEGETATION 

8)  Diverse  age-dass  distribution  (recruitment  for  maintenance/recovery) 

9)  Diverse  composition  of  vegetation  (for  maintenance/recovery) 

10)  Species  present  indicate  maintenance  of  riparian-wetland  soil  moisture 
characteristics 

11)  Vegetation  is  comprised  of  those  plants  or  plant  communities  that  have 
root  masses  capable  of  withstanding  wind  events,  wave  flow  events,  or 
overland  flows  (e.g.,  storm  events,  snowmelt) 

12)  Riparian-wetland  plants  exhibit  high  vigor 

13)  Adequate  vegetative  cover  present  to  protect  shorelines/soil  surface  and 
dissipate  energy  during  high  wind  and  wave  events  or  overland  flows 

! ' 

14)  Frost  or  abnormal  hydrologic  heaving  is  not  present 

15)  Favorable  microsite  condition  (i.e.,  woody  debris,  water  temperature, 
etc.)  is  maintained  by  adjacent  site  characteristics 

Yes 

No 

N/A 

SOILS-EROSION  DEPOSITION 

16)  Accumulation  of  chemicals  affecting  plant  productivity/composition  is  not 
apparent 

17)  Saturation  of  soils  (i.e.,  ponding,  flooding  frequency  and  duration)  is 
sufficient  to  compose  and  maintain  hydric  soils 

18)  Underlying  geologic  structure/soil  material/permafrost  is  capable  of 
restricting  water  percolation 

19)  Riparian-wetland  is  in  balance  with  the  water  and  sediment  being 
supplied  by  the  watershed  (i.e.,  no  excessive  erosion  or  deposition) 

20)  Islands  and  shoreline  characteristics  (i.e.,  rocks,  course  and/or  large 
woody  debris)  adequate  to  dissipate  wind  and  wave  event  energies 
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Remarks 


i 


Summary  Determination 


Functional  Rating: 

Proper  Functioning  Condition  

Functional — At  Risk  

Nonfunctional  

Unknown  

Trend  for  Functional — At  Risk: 

Upward  

Downward  

Not  Apparent  

Are  factors  contributing  to  unacceptable  conditions  outside  BLM’s  control  or 
management? 

Yes  

No  

If  yes,  what  are  those  factors? 

Dewatering  Mining  activities  Watershed  condition 

Dredging  activities  Road  encroachment  Land  ownership 

Other  (specify) 
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BLM  RIPARIAN-WETLAND  TECHNICAL  REFERENCES 


The  Bureau  of  Land  Management  started  their  Riparian-Wetland  Initiative  with  the 
~ . rr  a Task-  RrouD  in  1985.  The  purpose  of  that  Task  Group  was  to 
determine  the  needs  of  the  Bureau  and  to  develop  tools  necessary  (technical 
references  handbooks,  etc.)  to  implement  that  initiative.  The  documents  listed 
below  have  been  developed  by  BLM  or  jointly  with  other  agencies  and  are  available 
to  the  public.  If  you  desire  any  of  these  publications,  check  the  appropriate 
one (s)  and  mail  the  form  to  the  following  address: 


BUREAU  OF  LAND  MANAGEMENT 
Service  Center,  SC-213 
Attention:  Don  Prichard 
Denver  Federal  Center,  Building  50 
P.O.  Box  25047 
Denver,  Colorado  80225-0047 


If  you  have  any  questions,  call  Don  Prichard  at  (303)  236-0162  or  write  him  at 
the  address  listed  above. 
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RESOURCE  MANAGEMENT  OBJECTIVES 


Resource  Management  Objectives 

Presenter:  Jim  Wolf,  Big  Horn  Basin  Resource  Area,  WY 


MU 

Objective:  Students  will  be  able  to  prepare  high  quality 

resource  management  objectives. 

A.  Discuss  the  importance  of  resource  management 
objectives.  Objectives  drive  land  management  programs. 

B.  Explain  the  difference  between  land  use  planning  goals 
and  resource  management  objectives. 

C.  Describe  the  six  elements  of  a well  written  objective: 

1.  State  what  is  to  be  accomplished. 

2 . State  the  component  that  needs  to  be  changed  or 
maintained. 

3.  State  the  amount  of  change  desired  within  a 
beginning  and  ending  point. 

4.  Identify  the  location  where  the  objective  is  to  be 
accomplished. 

5.  Establish  a time  frame  for  accomplishment. 

6.  Objectives  must  be  compatible  with  the  land  use 
plan. 


Part  2 


Objectives:  a)  Students  will  be  able  to  utilize  a matrix  to 

track  resource  management  objectives  from  land  use  planning 
stage  through  monitoring  and  evaluation.  b)  Students  will 
be  able  to  use  the  matrix  to  evaluate  existing  activity 
plans. 

A.  Discuss  how  the  tracking  matrix  can  be  used  to  link 
resource  management  objectives  broader  land  use  plans. 

B.  Discuss  how  the  tracking  matrix  can  be  used  to  ensure  the 
component  parts  of  activity  plans  (goals,  issues,  resource 
objectives,  management  actions  and  monitoring)  are  logically 
related  when  developing  new  activity  plans. 

C.  Discuss  how  the  tracking  matrix  can  be  used  to  evaluate 
resource  management  objectives,  management  actions  and 
monitoring  programs  in  existing  activity  plans. 

D.  EXERCISE:  Students  will  develop  resource  management 

objectives  from  baseline  data  and  two  scenarios  involving 
riparian  reserves  in  the  Salem  District.  Student  will 
utilize  a matrix  to  show  their  objectives  track  from  the 
land  use  plan  through  monitoring. 
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OBJECTIVE  DEVELOPMENT  EXERCISE 


April  1995,  Salem,  Oregon 

The  Salem  District  has  a wide  variety  of  resource  values 
associated  with  riparian  areas.  The  land  use  plan  states  that 
riparian  reserves  will  be  managed  consistent  with  the  Aquatic 
Conservation  Strategy.  Guidance  from  the  Aquatic  Conservation 
Strategy  and  Salem  District  RMP  that  applies  to  this  exercise 
include  the  following: 

-Maintain  and  restore  the  species  composition  and  structural 
diversity  of  plant  communities  in  riparian  zones  and  wetlands  to 
provide  adequate  summer  and  winter  thermal  regulation,  nutrient 
filtering,  appropriate  rates  of  surface  erosion,  bank  erosion, 
and  channel  migration  and  to  supply  amounts  and  distributions  of 
course  woody  debris  sufficient  to  sustain  physical  complexity  and 
stability. 

-Maintain  and  restore  the  sediment  regime  under  which  and  aquatic 
ecosystem  evolved.  Elements  of  the  sediment  regime  include  the 
timing,  volume,  storage,  and  transport. 

-Maintain  and  restore  instream  flows  sufficient  to  create  and 
sustain  riparian,  aquatic,  and  wetland  habitats  and  to  retain 
patterns  of  sediment,  nutrient,  and  wood  routing  (i.e.,  movement 
of  woody  debris  through  the  aquatic  system) . The  timing, 
magnitude,  duration,  and  spatial  distribution  of  peak,  high,  and 
low  flows  must  be  protected. 

-Immediately  establish  an  emergency  team  to  develop  a 
rehabilitation  treatment  plan  needed  to  attain  Aquatic 
Conservation  Strategy  objectives  whenever  Riparian  Reserves  are 
significantly  damaged  by  wildfire  or  a prescribed  fire  burning 
outside  prescribed  parameters.  (Remember  the  difference  between 
site  specific  resource  management  objectives  and  broader  land  use 
planning  goals;  i.e,  ACS  objectives  as  referred  to  in  the  Salem 
District  RMP) . 

The  exercise  is  to  select  a creek  scenario,  and: 

1.  Identify  an  overall  goal  for  the  activity  plan  that  is 
consistent  with  the  Salem  RMP. 

2.  Identify  one  or  two  resource  issues  for  the  creek 
scenario  you  select. 

3.  Identify  desired  vegetation  characteristics  that  will 
help  achieve  your  goal.  Use  the  baseline  data  developed  by 
the  class  and  write  one  or  two  activity  plan  objectives.  The 
objectives  should  contain  the  six  elements  of  a well  written 
objective . 
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4.  Identify  the  management  actions  you  will  use  to  achieve 
your  objectives.  NOTE:  We  are  not  particularly  interested  in 
all  the  various  management  actions  that  could  be  used  to 
accomplish  an  objective  in  this  exercise.  Don't  spend  too 
much  time  on  MA'sJ 

5.  Describe  how  you  will  monitor  progress  towards  or  away 
from  your  objective. 

Once  the  exercise  is  completed,  a representative  of  each  group 
will  present  the  following: 

1.  Present  your  resource  management  objectives  on  a flip  chart 
for  analysis  by  the  class  and  instructors. 

2.  Utilizing  the  attached  matrix  demonstrate  how  your  resource 
management  objective  tracks  from  the  land  use  plan  through 
monitoring. 


Red  Creek 

The  Red  Creek  watershed  is  a small  v-shaped  drainage  of  about  400 
acres  that  was  clear  cut  in  1976.  Red  Creek  currently  provides 
lower  quality  habitat  for  anadromous  salmon.  The  riparian  zone 
is  dominated  by  alder  with  a minimal  conifer  component. 

Your  ID  team  has  evaluated  the  watershed  and  has  determined  that 
Red  Creek  has  some  potential  for  restoration.  The  team  has  now 
been  assigned  to  develop  an  activity  plan  that  will  restore  high 
quality  riparian  habitat  in  the  Red  Creek  watershed. 


Blue  Creek 

In  1994  a prolonged  drought  followed  a relatively  dry  winter  in 
Western  Oregon.  An  intense  wildfire  burned  approximately  500 
acres  of  old  growth  fir  in  the  Blue  Creek  watershed.  Aggressive 
fire  suppression  tactics  and  a little  luck  prevented  the  fire 
from  reaching  all  but  a few  acres  the  Blue  Creek  riparian  zone. 
However,  nearly  85%  of  the  uplands  in  the  North  Fork  of  Blue 
Creek  experienced  intense  wildfire.  The  North  fork  is  a small 
intermittent  drainage. 

A riparian  inventory  in  1989  rated  Blue  Creek  in  optimal  riparian 
condition.  The  Salem  District  RMP  identified  Blue  Creek  as  a key 
watershed  that  serves  as  a refugia  for  an  at  risk  stock  of 
anadromous  salmon. 

You  have  been  assigned  to  an  emergency  ID  team  to  develop  a 
rehabilitation  activity  plan. 
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PART  I -Overheads 


Resource  Management  Objectives 

- The  difference  between  goals  and  objectives 

- How  to  write  an  objective 

- How  to  critique  an  objective 


Webster's  Dictionary 

Goal  - the  end  toward  which  effort  is  directed 
Objective  - something  toward  which  effort  is  directed 


Goals 

-General  language 

-Describe  in  broad  terms  what  you  intend  to  accomplish 
-From  the  land  use  plan 

EXAMPLE:  Restore  and  maintain  the  ecological  health  of 
watersheds  and  aquatic  ecosystems. 
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Objectives 


» 


-Very  specific  language 


-Example:  Establish  80  stems  per/acre  of  conifers  (of  which  at 
least  60%  are  cedar)  in  the  riparian  reserve  oh  Yellow  Creek  by 
2005. 


The  six  elements  of  a well  written  objective 

1 . State  the  component 

2 . State  what  is  to  be  accomplished 
State  the  amount  of  change 

4 . State  the  location 

5.  Establish  a time  frame 

6.  Ensure  the  objective  is  compatible  with 
the  land  use  plan 


State  the  component 

- % canopy  cover  of  desired  species 

- width/depth 

- stems/acre  of  conifers 

^ mg/ liter  of  suspended  sediment 


5 


State  what  is  to  be  accomplished 


- increase 

- decrease 

- maintain 

State  the  amount  of  change 

- from  20%  to  15  % 

- from  5"  to  15"  mean  d.b.h. 

- maintain  a minimum  of  4 snags/acre 

State  the  location  where  monitoring  will  occur 

- sampling  station  *3 

- the  entire  key  watershed 

- segment  of  the  stream  from  point  a to  point  b 

Establish  a time  frame 

- annually 

- 5 years 


- prior  to  the  1998  salmon  run 


The  objective  must  be  compatible  with  the  land  use  plan 


- clear  link 

- within  the  general  intent 

- plan  amendment  may  be  required 


Critique  of  an  objective 

Objective:  Increase  the  mean  tree  size  from 

7 " to  2 1M  d.b.h.  in  the  riparian  reserve  on 
the  N.  Fork  of  Cache  Creek  by  2005. 

1.  Component  - mean  tree  size 

2.  Accomplishment  - Increase 

3.  Amount  of  change  - from  7M  to  21"  d.b.h. 

Location  - riparian  reserve  on  the 
N.  Fork  of  Cache  Creek 

5.  Timeframe  - do  it  by  2005 


But,  how  do  we  know  if  the  objective  is  realistic? 
Because  the  ID  TEAM  said  so! 


PART  II 


Activity  Plan  Tracking  Matrix 
Adapted  from  Olson  and  Burkhardt,  1992 

-Used  to  link  activity  plans  to  land  use  plans 


Used  to  organize  activity  plans 


-Used  to  test  the  quality  of  objectives  in  existing  activity  plans 


Land  us*  plan 

I 

Issues 

I 

Objectives 

I 

Actions 

Monitoring/evaluation 


Tracking  Matrix 


| LUP 

Issues 

Objectives 

Actions 

Monitoring 

— 

Federal  Land  Policy  and  Management  Act 

"The  secretary  shall  manage  the  public  lands 
in  accordance  with  the  principles  of 
sustained  yield  and  multiple  use,  in 
accordance  with  land  use  plans.... 


OBJECTIVE 


^ncrease  the  canopy  cover  of  all  woody 
vegetation  from  5%  to  50%  in  the  riparian 
reserve  on  BLM  administered  segments  of 
Prospect  Creek  by  2005. 


LAND  USE  PLAN 

Manage  riparian  reserves  in  accordance  with 
the  Aquatic  Conservation  Strategy. 


ISSUE 

Prospect  Creek  lacks  adequate  vegetation, 
landform,  and  large  woody  debris  to  dissipate 
stream  energy  associated  with  high  flows. 

OBJECTIVE 

Increase  the  canopy  cover  of  all  woody 
vegetation  from  5%  to  50%  in  the  riparian 
Reserve  on  BLM  administered  segments  of 
prospect  Creek  by  2005. 


ISSUE 


The  fishing  access  point  on  Pierce  Creek  has  developed  an  extensive  network 
of  hiking  trails  resulting  in  bank  sloughing  and  a possible 
increase  in  sediment  deposition  into  the  stream. 


Tracking  Matrix 


LUP 


Issues 


Objectives 


Actions 


Monitoring 


t 


Testing  Management  Objectives 


OBJECTIVE:  Improve  the  riparian  zone 

along  Elk  Creek  by  conifer  underplanting, 
and  cutting  and  girdling  hardwoods. 


TRACKING  TEST 

LUP:  Maintain  and  restore  the  species 

composition  and  structural  diversity  of  plant  communities  in  riparian 
zones. 

ISSUE:  The  riparian  zone  on  Elk  creek  is  in 
Class  two  minimal  condition. 

OBJECTIVE:  Improve  the  riparian  zone  along  Elk 

Creek  by  conifer  underplanting,  and  cutting  and  girdling  hardwoods. 
ACTION:  ? 

MONITORING:  Continue  water  quality  monitoring. 


This  objective  is  "way  off  track"! 


-The  objective  is  not  site  specific  so  we  don't  know  the  monitoring 
location. 

-The  objective  contains  a management  action; 

i.e.,  underplanting  conifers  and  girdling  hardwoods. 

-The  monitoring  contained  in  the  activity  plan 
does  not  relate  directly  to  the  objective. 


The  success  or  failure  of  the  activity  plan  can't 
be  determined. 


Repair 

LUP ? Maintain  and  restore  the  species  composition  and  structural  diversity 
of  plant  communities  in  riparian  zones. 

ISSUE:  Hardwoods  are  preventing  the  establishment  of  conifers  within  the 
riparian  reserve  on  Elk  Creek. 

OBJECTIVE:  Establish  60  to  80  stems/acre  of  conifers  within  treated  areas 

on  Elk  Creek  by  2005. 

ACTION:  Underplant  conifers  in  treatment  areas  where  hardwoods  have  been 

cut  and  girdled. 

MONITORING:  Establish  plots  within  treatment  areas  to  determine  conifer 
density.  Read  plots  in  2000  and  2005. 
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The  objective  is  now  "on  track";  i.e,  it 
bracks  from  the  land  use  plan  through  monitoring. 

-The  objective  of  establishing  conifers  is 

consistent  with  the  LUP  goal  of  restoring  composition  and  diversity. 

- We  know  when,  where  and  how  conifer  establishment  will  be  monitored. 

-The  management  actions  clearly  address  the  issue. 

The  success  or  failure  of  the  activity  plan 
can  be  determined. 


11 


150 


RANGELANDS  14(3),  June  1992 


Land  Management  Planning:  An  Assessment 


H 


N.  Crystine  Olson  and  J.  Wayne  Burkhardt 


Increasing  public  concern  with  the  management  of 
public  lands  focuses  attention  on  the  land  management 
planning  process.  Specifically,  questions  are  being  raised 
about  management  objectives  and  the  tracking  of  ac- 
complishment. Management  plans  are  often  the  only 
record  available  to  track  and  support  the  agency’s  deci- 
sions. vVith  an  increasing  number  of  natural  resource 
aeCWons-  being  contested,  management  planning  be- 
comes more  important.  To  defend  their  actions  federal 
land  management  agencies  need  to  strengthen  their  doc- 
umentation and  be  more  systematic  in  developing  and 
updating  their  management  plans  and  monitoring  records. 


Land  Use  Goals 


\ 


Evaluation 


Resource  Issues 


Plannlng-An  Overview 

Planning  is  a systematic  approach  to  decision  making 
or  problem  solving.  Lindzey  and  Aronson  (1985)  identi- 
fied four  separate  but  sequential  phases  of  generalized 
planning.  This  planning  process  has  been  modified  and 
widely  adopted  for  public  land  management.  The  most 
commonly  applied  public  land  planning  processes  are 
land  use  planning  (resource  management  plans)  and  land 
management  planning  .activity  plans).  The  first  is  the 
layman's  forum  for  deciding  wnat  public  land  uses  are 
desired  by  the  public  over  a large  region  (i.e.,  a national 
forest  or  resource  area).  Tnis  process  should  prioritize 
land  use  goals  based  on  existing  and  desired  uses  and 
resource  capability  (land  use  plans  or  forest  plans)  rather 
than  define  management  specifics.  The  second  phase, 
land  management  planning,  approaches  the  technical 
aspects  of  achieving  these  goals  by  developing  site  spe- 
cific management  plans  (!.e.,  allotment  management  plans 
or  herd  management  plans).  Land  management  planning 
is  primarily  the  job  of  professional  resource  managers. 

The  model  for  land  management  planning  involves 
seve  al  sequential  steps  (Figure  1).  As  broad  land  use 
goals  are  applies  to  local  planning  areas,  specific  resource 
.ssues  and  proi  lems  are  identified  and  resource  man- 
agement objectives  are  formulated.  Ideally,  these  are 
specific  resource  objectives  identifying  the  desired  plant 
communities  needed  to  meet  land  use  goals  and  that  are 
consistent  with  site  capabilities.  The  final  steps  involve 
the  application  of  management  tools  (grazing  systems, 
range  improvements,  etc.)  that  hopefully  will  achieve  the 
objectives  and  the  necessary  monitoring/evaluation  to 
determine  if  management  is  indeed  succeeding.  This 
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Fig.  Land  Management  Planning  Model. 

sequential  land  management  planning  model  (Figure  1) 
was  used  to  evaluate  the  allotment  management  plans 
(AMPs)  selected  for  this  study. 

Twenty  AMPs  covering  over  825,000  acres  in  northwest 
Nevada  were  evaluated.  These  BLM  plans  were  written 
between  1980-1984.  Four  AMPs  were  completely  imple- 
mented. 14  partially  implemented  and  2 were  not  imple- 
mented at  all.  These  AMPs  were  the  result  of  Coordinated 
Resource  Management  Planning  (CRMP)  through  the 
Modoc-Washoe  Stewardship  Program.  Motivation  for 
this  review  came  from  both  the  BLM  and  the  stewardship 
committee.  They  were  concerned  about  the  overall  qual- 
ity of  the  plans  they  had  drafted. 

Each  plan  was  compared  to  the  planning  model  for 
consistency  of  process  and  idea  development.  The  plans 
were  then  evaluate-}  for  statement  content. 


T waS  l0,n,|y  'unc}e<1  by  Ihe  Bureau  of  Land  Management  Washing- 

ton Office  Range  Management  Program,  and  the  University  of  Nevada.  Reno 
in  cooperation  with  the  Modoc  Wasnoe  Stewardship  Program  While  the  vork 
was  being  completed  the  authors  were,  respectively,  graduate  student  and 
associate  professor.  Department  of  Range,  Wildlife  and  Forestry,  University  of 
Nevada  Reno.  1000  Valley  Road.  Reno.  NV  89512.  N Chrystme  Olson  is 
currently  j Range  Conservationist  on  the  Cannell  Meadow  and  Greenhorn 
Districts  of  the  Sequioa  Natmoal  Forest.  P O Bo*  6.  Kernvilie.  CA  93238 


Results  and  Discussion 

Review  of  the  selected  AMPs  revealed  inconsistencies 
m the  flow  of  ideas  through  the  planning  steps  and  prob- 
ems  with  content  or  organization  of  the  ’deas  presented 
It  was  evident  that  in  deve'op  irg  land  management  plans 
more  attention  to  the  syste  n-  tic  planning  model  and  bet 
er  definition  ot  managemen-  ideas  was  needed. 


Systematic  Flow  of  deas 

Inconsistencies  found  in  the  flow  of  ideas  through  he 
planning  documents  can  be  conside-ed  ls  follow* 
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1.  Stranded  Issues  (found  in  16  of  the  20  AMPs): 

This  occurs  when  the  planning  document  Identifies 
a resource  issue,  then  fails  to  carry  that  Issue  into  the 
AMP  objectives,  action  plan,  monitoring  schedules 
and  evaluation  reports.  The  resource  issue  is  identi- 
fied as  a problem  and  then  left  stranded.  An  example 
involved  the  identification  of  wild  horses  as  a man- 
agement problem  on  allotment.  The  technical  report 
raised  the  issue,  yet  no  other  sections  of  the  plan 
carry  the  idea  forward.  There  was  no  definition  of  the 
problem,  no  corrective  action  suggested  and  no 
monitoring  or  evaluation  prescribed. 

2.  Isolated  Objectives  (found  in  3 of  the  20  AMPs): 
This  occurs  when  management  objectives  do  not 
derive  from  identified  resource  issues  and  when 
there  is  no  carry-through  of  the  objective  into  the 
action  plan  or  monitoring/evaluation  components. 
The  objectives  simply  stand  alone.  An  example  of  an 
isolated  objective  found  in  one  AMP  was  "Reduce 
soil  erosion  to  less  than  2 tons/acre/year  according 
to  the  Universal  Soil  Loss  Equation."  The  technical 
report  did  not  identify  erosion  as  an  issue  on  the 
allotment  and  the  AMP  contained  no  management 
action  designed  to  reduce  erosion  nor  a monitoring 
plan  to  evaluate  erosion. 

3.  Abandoned  Objectives  (found  in  8 of  the  20  AMPs): 
This  occurs  when  the  stated  management  objectives 
that  derived  from  resource  issues  are  not  carried 
through  into  the  action  plan,  the  monitoring  sche- 
dule or  the  evaluation  reports.  Abandoned  objec- 
tives frequently  surfaced  when  dealing  with  wildlife 
issues  in  the  AMPs.  Issues  regarding  critical  winter 
or  spring  habitat  for  bighorn  sheep,  deer  or  antelope 
were  stated  and  often  vague  management  objec- 
tives. typically  in  the  form  of  "maintain  good  condi- 
tion habitat”,  were  formulated.  Thereafterthe  matter 
was  usually  dropped  from  the  remaining  planning 
components.  No  management  actions  were  pres- 
cribed and  no  monitoring  or  evaluation  suggested. 
Without  such  follow  through  it  is  impossible  to  draw 
any  conclusions  regarding  management  of  wildlife 
habitat. 

4.  Indirect  or  Surrogate  Objectives  (found  in  15  of  the 
20  AMPs): 

This  occurs  when  the  stated  management  objective 
is  indirectly  related  to  the  resource  issue  or  is  a 
surrogate  to  the  real  resource  issue.  Often  the  tech- 
nical reports  would  identify  poor  distribution  of 
livestock  grazing  on  the  allotments  as  a problem. 
Areas  of  excessive  or  insufficient  forage  use  were 
the  actual  resource  issue.  The  related  management 
objectives  were  often  statements  about  providing 
new  watering  sources  on  the  allotment.  While  state- 
ments about  water  development  touch  on  possible 
actions  to  solve  the  resource  issue,  the  real  prob- 
lems were  grazing  use  distribution.  By  jumping 
directly  from  poor  livestock  distribution  to  objec- 
tives about  water,  we  not  only  obscure  the  real  prob- 


lem, but  risk  overlooking  numerous  other  potential 
solutions  to  poor  livestock  distribution  (i.e.,  riding, 
salting,  drift  fencing,  season  of  use.  class  of  live- 
stock). 

None  of  the  twenty  AMPs  evaluated  completely  tracked 
all  the  identified  resource  issuesthrough  the  model  plan- 
ning steps.  Inconsistencies  or  breaks  in  the  systematic 
flow  of  ideas  through  the  planning  documents  were 
common. 

Content  and  Organization 

Aside  from  the  problems  of  consistency  and  follow- 
through,  review  of  the  AMPs  also  revealed  weaknesses 
related  to  organization  and  content.  They  are: 

1.  Actions  as  Goals,  Objectives  and  Issues: 

The  most  frequent  problem  involved  the  substitution 
of  management  action  statements  for  land  use 
goals,  resource  issues  or  management  objectives 
(12  of  the  20  AMPs).  Actions  are  directive  statements 
about  how  to  accomplish  something  on  the  ground 
in  terms  of  habitat  requirements  for  an  identified 
resource  use,  as  opposed  to  descriptive  statements 
about  what  uses  should  occur  (goals),  what  prob- 
lems exist  (issues),  and  what  these  habitats  should 
look  like  (objectives).  Numerous  land  use  goal  and 
management  objective  statements  were  noted  which 
detailed  livestock  stocking  rates  and  turn-out  dates, 
specified  shrub  control  treatments,  provided  for 
allotment  divisions  or  set  grazing  use  levels.  These 
action  statements  describe  tools  for  achieving  land 
use  goals  and  management  objectives  but  they  cer- 
tainly do  not  represent  the  goals  or  objectives.  As 
action  statements  they  are  more  logically  part  of  the 
action  plan  within  the  AMP.  The  purpose  of  a 
resource  objective  is  to  give  the  managing  agency  a 
vegetative  benchmark  to  attain  or  maintain.  The 
objective  should  describe  a particular  plant  com- 
munity, not  how  to  achieve  that  community. 

2.  Land  Use  Goals  as  Management  Objectives: 

Given  their  definitional  similarity  it  is  not  surprising 
that  land  use  goals  and  management  objectives  are 
often  carbon  copies  of  each  other.  Over  half  of  the 
objective  sections  of  these  AMPs  mimic  the  original 
goals  laid  out  in  the  beginning  of  the  planning  pro- 
cess. Most  often  they  were  the  same  “God  and 
motherhood"  statements  about  improving  or  main- 
taining range  condition,  or  providing  habitat  for 
"reasonable  numbers"  of  certain  wildlife  species. 
Such  statements  are  often  mutually  exclusive  and 
provide  little  measurable  management  direction  to 
the  land  manager,  the  resource  user  or  the  inter- 
ested public.  Using  the  habitat  example,  areas  within 
an  allotment  suitable  for  a given  species  were  rarely 
identified;  seasonal  habitat  preferences  were  not 
delineated,  and  even  the  most  general  estimates  of 
"reasonable  numbers"  of  wildlife  were  not  provided. 
Without  a basic  idea  about  these  parameters  any 
objective  dealing  with  requirements  for  game  spe- 
cies lacks  direction,  focus  and  measurability. 
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Range  condition  objectives  also  suffer  from  over 
generalization.  Most  of  these  statements  blanket  an 
allotment  at  large,  if  not  the  entire  resource  area.  The 
usual  statement  of  management  objectives  were 
"manage  for  good  range  condition"  or  "improve 
range  condition  on  allotment."  While  these  may  be 
reassuring  statements,  they  do  not  describe  the 
desired  habitats  or.  plant  communities  which  man- 
agement seeks.  Few  people  can  argue  with  the  good 
intentions  inherent  in  such  objectives,  yet  due  to 
their  unspecific  nature  It  becomes  Impossible  to 
track  their  success.  Rarely  did  these  generalized 
management  objectives  contain  any  time  frame  for 
accomplishment,  or  any  assurance  of  being  possible 
to  achieve  within  site  capability. 

3.  Monitoring  and  Evaluation: 

Given  the  common  problem  of  generalized  man- 
agement objectives  in  the  AMPs,  it  was  inevitable 
that  problems  would  exist  with  monitoring  and  eval- 
uation. Efficient  trend  monitoring  and  evaluation  of 
management  effectiveness  was  thwarted  by  poorly 
defined  objectives.  Most  of  the  AMPs  contained  a 
creditable  amount  of  annual  event  monitoring,  i.e., 
information  on  growing  conditions,  actual  grazing 
use  by  livestock,  use  by  other  grazers,  use  pattern 
maps  and  records  of  other  events.  Such  information 
is  essential  for  determining  whether  resource  use 
actually  occurred  as  prescribed  in  the  plan  and  is 
needed  for  interpreting  causal  relationships  for 
changes  in  the  plant  community.  What  was  often 
missing  but  absolutely  necessary  for  the  evaluation 
of  management  effectiveness  was  the  trend  monitor- 
ing. While  insufficiencies  of  trend  monitoring  in 
these  AMPs  may  in  part  relate  to  recentness  and 
partial  implementation  of  most  of  these  plans,  poorly 
defined  objectives  were  central  to  the  problem. 

Conclusions 

A quality  control  assessment  of  twenty  AMPs  deve- 
loped by  the  BLM  and  the  Modoc-Washoe  Stewardship 
Committee  was  recently  completed.  This  study  indicates 
that  problems  exist  in  the  structure  and  content  of  these 
plans:  resource  issues  were  not  consistently  followed 
through,  management  objectives  were  vague,  and  the 
necessary  feedoack  for  determining  management  suc- 


cess was  inadequate.  Poorly  defined  management  objec-^ 
tives  were  central  to  most  of  these  problems.  Rarely  did™ 
the  AMPs  contain  any  description  of  the  type  of  habitat  or 
vegetation  that  was  needed  to  support  the  prescribed 
land  uses  (land  use  goals).  Without  such  objectives,  man- 
agement actions  and  subsequent  monitoring/evaluation 
lack  focus.  Realistic  and  measurable  statements  of  those 
desired  plant  communities  should  be  the  focus  of  man- 
agement. 

Additional  problems  found  in  these  AMPs  relate  to  the 
lack  of  continuity  in  the  flow  of  Ideas  through  the  plan. 
Too  often  the  plan  components  did  not  sequentially  tie 
together.  Land  management  planning  and  the  resultant 
plans,  such  as  AMPs.  involve  several  steps  or  compo- 
nent s . Each_com£onentjyT2uliii£l^ 
way  that  provides  a consistent  flow  of  ideas  through  the 
entire  document.  The  planning  model  (Figure  1)  illus- 
trates this  linkage.  Land  use  goals  and  resource  issues 
should  be  translanted  into  realistic,  measurable  objec- 
tives describing  the  desired  habitat  from  which  manage- 
ment actions,  monitoring  and  evaluation  parameters  can 
be  derived. 

In  general  there  needs  to  be  a sharper  recognition  of 
the  separate  functions  and  purposes  of  land  use  vs  land 
management  planning.  Land  use  planning  should  be  a 
public  forum  for  prioritizing  land  use  goals;  land  man- 
agement planning  should  be  the  resource  manager's 
determination  of  how  to  achieve  those  land  use  goals.  ® 
The  land  management  planning  process  needs  to  be 
more  holistic  in  terms  of  integrating  management  plan- 
ning for  all  resources  on  a given  planning  unit.  Perhaps 
the  product  of  land  management  planning  should  be  a 
resource  management  plan  rather  than  separate  AMPs, 
habitat  management  plans  and  herd  management  plans, 
each  dealing  with  coexisting  resource  uses  on  the  same 
geographic  area. 
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CHAPTER  I - DEVELOPMENT  OF  OBJECTIVES 
By  Dr.  Tom  Zimmerman 


A.  Introduction 

Management  is  the  process  of  anticipating  the  future,  setting  objectives,  implementing  an  action, 
achieving  an  output,  and  performing  an  evaluation  comparing  the  output  to  the  objective.  Management 
is  not  possible  without  setting  objectives.  Clear  and  easily  communicated  objectives  facilitate  the 
management  process. 


In  land  management  programs,  the  desired  outcome  of  management  actions  is  expressed  as 
management  objectives.  Objectives  represent  an  important  component  of  all  land  management 
programs  and  are  the  single  most  important  factor  driving  all  management  actions. 


B.  Definitions  and  Qualities  of  Good  Objectives 

1 Goals  and  Objectives  - Definition.  In  land  management,  both  goals  and  objectives  are 
important.  Goals  are  primary  and  basic  products  of  the  long  range  management  plans.  These  goals 
areP  commonly  referred  to  as  land  use  decisions.  Goals  are  relatively  short  statements  that  discuss 
what  the  public  lands  are  to  be  used  for  and  where  the  uses  will  occur.  Each  statement  addresses  a 
land  use,  but  is  not  limited  to  the  principal  or  major  use. 

Objectives  are  a necessary  component  of  the  planning  process;  they  provide  a b^oe  between  goals 
and  the  implementation  phase.  Objectives  describe  what  procedures  will  be  used  and  when  actions 

will  be  completed. 

During  the  planning  of  fire  management  projects,  objectives  are  formulated  and  used  as  the ba s 11 s ! for 
development  of  an  action  plan.  Interdisciplinary  (I.D.)  teams  coordinate  various  concerns  and  develop 
objectives  for  a project.  The  I.D.  teams  are  composed  of  resource  specialists  from  d,fferont  d sc.pl.nes 
who  address  concerns  of  the  affected  resources  and  resolve  conflicts  among  resource  disciplines  t 

arise  from  specific  management  actions. 

2 Qualities  of  Good  Objectives.  Fire  management  objectives  must  be  made  up  of  certa'" 
attributes  or  they  will  not  convey  the  necessary  guidance.  Good  objectives  must  be  informative  and 
SMART.  Objectives  that  are  $MART  are: 

S - Specific  - what  will  be  accomplished,  using  limiting  factors,  and  identifying  the  range  of 
acceptable  change  from  the  present  to  the  proposed  condition. 

M - Measurable  - the  present  and  proposed  condition  must  be  quantifiable  and  measurable. 
A - Achievable  - can  be  achieved  within  a designated  time  period. 

R - Related/Relevant  - related  in  all  instances  to  the  land  use  plan  goals  and  relevant  to 
current  fire  management  practices. 

T - Trackable  - objectives  must  be  trackable  over  time  and  must  include  a definite  timeframe 

for  achievement,  monitoring,  and  evaluation. 
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3.  Kinds  of  Objectives. 

a.  Land  use  decisions  (goals).  These  are  broad  statements,  usually  specified  in  land 
management  plans,  that  deal  with  large  areas  over  long  time  periods  (e.g.,  10  years).  Land  use 
decisions  establish  resource  condition  objectives;  the  allowable,  limited,  or  excluded  uses  for  an  area 
(land  use  allocations)  and  the  terms  and  conditions  for  such  use;  and  management  actions  that  will  be 
taken  to  accomplish  multiple  use  goals. 

b.  Resource  management  objectives.  Resource  management  objectives  identify  the  changes 
in  water,  soil,  air,  or  vegetation  from  the  present  to  proposed  conditions.  Resource  objectives  can  also 
describe  an  existing  resource  condition  that  should  be  maintained.  > 

c.  Treatment  objectives.  These  are  very  well-defined  statements  that  describe  what  a 
treatment  must  accomplish  in  order  to  meet  a stated  resource  management  objective.  This  type  of 
objective  is  site-specific  and  must  utilize  the  SMART  concept. 

Any  statement  that  is  an  objective  must  identify  the  change  from  present  conditions  to  the  proposed 
conditions  (the  changes  that  are  planned)  and  the  limiting  factors. 

C.  How  Objectives  Relate  to  Project  Inventory,  Development,  Implementation,  Monitoring, 
and  Evaluation 

Objectives  are  an  important  part  of  management  actions  and  are  prerequisite  to  sound  land  and 
resource  management.  Objectives  not  only  drive  the  planning  system,  they  also  drive  the  full  spectrum 
of  project  implementation,  monitoring,  and  evaluation. 

During  the  fire  planning  process,  for  example,  the  planner  uses  resource  management  objectives 
(standards)  as  guidance  to  determine  what  fire  management  responses  and  activities  are  necessary. 
These  standards  then  provide  guidance  in  determining  what  and  how  much  information  should  be 
collected  prior  to  and  during  project  implementation.  At  this  point,  knowledge  of  fire  effects  becomes 
a necessary  part  of  the  planning  process.  Fire  effects  information  helps  to  determine  what  will  be 
done,  how  many  resources  are  needed,  how  much  funding  the  fire  program  will  need,  and  what  should 
be  evaluated  to  ensure  efficient  accomplishment  of  the  workload. 

D.  Relationships  of  Different  Tiers  (Levels)  of  Planning  to  Objectives 

Generally,  objectives  start  as  issues  when  the  land  use  planning  process  is  initiated.  (Issues  are  usually 
conflicts  between  two  or  more  resource  uses  or  demands  that  must  be  resolved  in  the  plan.)  Issues 
are  generally  defined  in  terms  of  the  desired  state  of  achievement  for  environmental  values  and 
socioeconomic  conditions  affected  by  management  activities  and  resource  decisions.  The  next  step 
is  development  of  alternatives  that  include  a range  of  ways  to  resolve  the  issues.  After  the  preferred 
alternative  is  selected,  local  guidance  for  resource  functions  is  developed  that  contains  resource 
management  objectives. 

Land  use  planning  systems  used  by  most  federal  agencies  are  divided  into  four  distinct  tiers-  national 
geographically  defined  manaQement  areas,  individual  resource  functions,  and  site  specific 
implementation  (Table  1-1).  National  policy  is  established  in  public  laws,  federal  regulations.  Executive 
Orders,  and  other  Presidential,  Secretarial,  and  Director  approved  documents.  Policy  guidance  for 
planning  is  developed,  as  needed,  through  interpretation  of  national  policy,  public  participation 
activities,  and  from  coordination  and  consultation  with  other  federal  agencies. 


Table  1-1 : Relationship  of  Planning  Tiers  to  Fire  Management  Objectives,  Products  and  Fire  Effects  Applications 
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Resource  management  plans  developed  for  geographically  defined  management  areas  establish  the 
combinations  of  land  and  resource  uses;  related  levels  of  investment,  production,  and/or  protection  to 
be  maintained;  and  general  management  practices  and  constraints  for  various  public  land  resources. 
These  are  set  forth  as  the  terms,  conditions,  and  decisions  that  apply  to  management  activities  and 
operations  and  are  presented  in  the  form  of  multiple-use  prescriptions  and  plan  elements. 

The  third  planning  tier,  developed  at  a local  level,  provide  guidance  for  individual  resource  functions. 
To  continue  with  the  example  of  the  fire  management  component.  Fire  Management  Activity  Plans 
delineate  areas  to  receive  different  levels  of  fire  suppression,  fire  use,  and  fuels  treatment.  Resource 
management  objectives  developed  at  this  level  are  derived  directly  from  land  use  decisions. 

Site  specific  implementation  plans  are  the  final  step  in  the  fire  planning  process.  The  primary  role  of 
these  plans  is  to  identify  operational  guidance  to  accomplish  site  specific  treatment  objectives. 
Prescribed  fire  plans  refer  to  resource  management  objectives  developed  in  activity  plans  and  identify 
treatment  objectives.  Resource  management  objectives  referenced  in  prescribed  fire  plans  describe 
second  order  fire  effects,  the  indirect  effects  of  fire  treatment  that  occur  over  the  longer  term,  such 
as  increased  plant  productivity,  changes  in  species  composition,  or  increased  off-site  water  yield.  Fire 
treatment  objectives  are  developed  from  the  resource  management  objectives  and  state  exactly  what 
immediate  effects  the  fire  must  create  in  order  to  achieve  the  resource  objectives.  Fire  treatment 
objectives  describe  first  order  fire  effects  such  as  plant  mortality,  fuel  reduction,  or  duff  consumption. 
An  example  of  a fire  treatment  objective  is:  to  remove  90  percent  of  existing  sagebrush  crown  cover, 
using  fireline  intensities  that  consume  sagebrush  crowns,  leaving  residual  stems  that  are  six  inches  or 
less  in  height.  - ~ 

E.  Summary  - - 

Land  management  programs  are  objective  driven.  Objectives  must  be  based  on  an  amount  of 
information  sufficient  to  determine  if  a change  from  the  present  condition  to  the  proposed  condition 
can  be  achieved.  Establishing  objectives  is  a task  of  major  importance  and  deserves  an  allotment  of 
sufficient  attention  and  time.  Both  objectives  and  fire  effects  information  become  more  precise  as  site 
specificity  increases. 
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Fundamental  Elements  of 
Ecologically  Healthy  Watersheds  in 
the  Pacific  Northwest  Coastal 
Ecoregion 

Robert  J Naiman.  Timothy  J.  Beechie.  Lee  E.  Benda 
Dean  R.  Berg.  Peter  A.  Bisson.  Lee  H.  MacDonald 
Matthew  D.  O Connor.  Patricia  L.  Olson, 
and  E.  Ashley  Steel 

Abstract 


Characteristics  of  streams  and  rivers  reflect  variations  in  local  geomor- 
inolocy . climatic  gradients,  spatial  and  temporal  scales  of  natural  distur- 
bances. and  the  dynamic  features  of  the  npanan  forest.  This  results  in  a 
• anety  of  stream  types  which,  when  coupled  with  the  many  human  uses  of 
:he  Pacific  Northwest  coastal  ecoregion.  presents  a difficult  challenge  in 
Jentif;. ing  and  c.aluating  fundamental,  system-level  components  of  eco- 
ogically  healthy  watersheds.  Over  20  types  of  streams  are  found  in  western 
Oregon.  V. ashington.  and  British  Columbia  and  in  southeastern  Alaska,  a 
egion  where  extractive  torest.  agricultural,  fishing,  and  mining  industries 
md  a rapidly  increasing  urban  population  are  severely  altering  the  land- 
cape.  Yet  stream  characteristics  remain  the  best  indicators  of  watershed 
italitv.  provided  the  fundamental  characteristics  of  healthy  streams  are  ac- 
uratelv  known.  The  premise  of  this  article  is  that  the  delivery  and  routing 
i water,  sediment,  and  woody  debris  to  streams  are  the  key  processes  reg- 
■ lating  the  vitality  of  watersheds  and  their  drainage  networks  in  the  Pacific 
•orthwest  coastal  ecoregion.  Five  fundamental  components  of  stream  cor- 
dors  are  examined:  basin  geomorphology,  hydrologic  patterns,  water  qual- 
y.  npanan  forest  charactenstics.  and  habitat  characteristics.  Ecologically 
ralthv  watersheds  require  the  preservation  of  lateral,  longitudinal,  and  ver- 
al  connections  between  ssstem  components  as  well  as  the  natural  spatial 
id  temporal  variability  of  those  components.  The  timing  and  mode  of  in- 
rdependencies  between  fundamental  components  are  as  important  as  the 
agnitude  of  individual  components  themselves. 
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Introduction 

Watersheds  in  the  Pacific  Northwest  coastal  ecoregion  play  a vital  role  in 
shaping  and  supporting  diverse  cultures  and  professions.  Specific  charac- 
teristics of  streams  and  rivers  reflect  an  integration  of  countless  physical  and 
biological  processes,  providing  a long-term  memory  of  environmental  con- 
ditions. Streams  and  adjacent  riparian  forests  provide  clean  water,  habitat 
for  fish  and  wildlife,  recreational  opportunities,  raw  materials,  and  spiritual 
values  for  many  American  and  Canadian  cultures  (Salo  and  Cundy  1987, 
Raedeke  1988,  Naiman  and  Decamps  1990.  Gregory  et  aJ.  1991).  In  com- 
bination. these  features  have  enormous  value  but  represent  substantial  man- 
agerial difficulties,  especially  when  competing  interests  vie  for  limited  re- 
sources. Difficult  issues  are  magnified  when  natural  ecological  processes 
and  their  variability  in  space  and  time  are  poorly  understood  (Decamps  and 
Naiman  1989). 

For  over  a century,  human  alteration  of  the  Pacific  Northwest  has  pro- 
ceeded without  a basic  understanding  of  watershed  dynamics,  especially  for 
the  stream  corridors,  or  of  the  long-term  consequences  of  land  use  altera- 
tions. Comprehensive  studies  of  stream  corridors  and  watersheds  are  rare, 
and  most  have  been  done  since  1975  (Likens  1989.  Straver  et  al.  1986). 
Investigations  of  running  waters  as  ecological  systems  are  rudimentary,  with 
major  conceptual  advancements  only  in  the  last  decade  (Vannote  et  al.  1980. 
Newbold  et  al.  1982.  Hynes  1985.  Naiman  et  al.  1988).  Longitudinal,  lat- 
eral. and  vertical  connections  in  controlling  the  ecological  vitality  of  streams 
and  rivers  are  recent  concepts  requiring  additional  investigation.  Yet.  in 
combination,  these  and  subsequent  studies  point  to  running  waters  as  eco- 
logical systems  demonstrating  considerable  variability  in  space  and  time  and 
requiring  a high  degree  of  connectivity  between  system  components  for  the 
maintenance  of  long-term  environmental  health  (see  Stanford  and  Ward,  this 
volume). 

Connectivity  is  manifested  in  such  features  as  access  to  required  habitat 
during  the  life  history  of  fish  and  wildlife  (Salo  and  Cundy  1987.  Raedeke 
1988).  stream  temperature  regimes  that  synchronize  the  migration  and  emer- 
gence of  aquatic  organisms  (Sweeney  and  Vannote  1978.  Quinn  and  Tail- 
man  1987),  riparian  forests  that  regulate  nutrient  and  material  exchanges 
between  forests  and  streams  (Swanson  et  al.  1982.  Peterjohn  and  Corrcll 
1984),  and  hydraulic  regimes  that  are  within  an  accepted  range  for  evolu- 
tionary adaptation  of  specific  organisms  (Statzner  et  al.  1988) 

Variability  is  reflected  in  the  wide  variety  of  stream  t\pes  in  the  coastal 
(*rnr(*pinn  'Naiman  et  al  1991).  resulting  from  differences  in  geology,  cli- 
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Form  of  Precipitation 


Figure  6. 1 Principal  factors  influencing  stream  characteristics  in  the  Pacific  North- 
west coastal  ecoregion 


volcanism.  continental  and  alpine  glaciation,  and  erosional  processes,  in- 
cluding mass  wasting.  Climatic  processes  include  the  dominant  form  of  pre- 
cipitation (e.g..  rain,  snow,  or  transition),  the  seasonal  timing,  and  the  run- 
off patterns.  Stream  size  is  a function  of  the  spatial  position  of  the  channel 
>n  the  drainage  network  and  upstream  geomorphic  and  climatic  processes. 
Thus  a broad  array  of  stream  types  may  be  found  within  a relatively  small 
area,  with  each  having  different  biological  characteristics  and  presenting  dif- 
ferent managerial  challenges. 

The  phrase  ecologically  healthy  refers  to  functions  affecting  biodiversity, 
productivity,  biogeochemical  cycles,  and  evolutionary  processes  that  are 
adapted  to  the  climatic  and  geologic  conditions  in  the  region  (Karr  et  al. 
1986,  Karr  1991).  Collectively,  these  functions  can  be  a measure  of  system 
vitality.  Some  tangible  measurements  of  ecological  healthy  watersheds  in- 
clude water  yield  and  quality,  community  composition,  forest  structure,  smolt 
production,  wildlife  use.  and  genetic  diversity.  Our  working  hypothesis  is 
‘hat  delivery  and  routing  of  water,  sediment,  and  woody  debris  to  the  stream 
-hannei  are  the  key  processes  determining  the  ecological  health  of  wa- 
tersheds in  the  Pacific  Northwest  coastal  ecoregion.  This  article  will  present 
a broad  overview  of  several  fundamental  components  of  ecologically  healthy 
watersheds  in  this  ecoregion.  and  present  a conceptual  model  of  principal 
■nterdependencies  between  those  components 
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Relative 

Strengtn 


Figure  6.2.  Relative  strength  of  factors  influencing  stream  characteristics,  and  pn 
cipaJ  feedback  loops  between  components  (see  text  for  explanation). 


Fundamental  Components 


An  efficient  approach  to  understanding  the  bewildering  array  of  stream  tvp< 
is  through  a hierarchy  of  controlling  factors  (Frissell  et  al.  1986).  with  eat 
assigned  a ranking  based  on  perceived  ability  to  influence  other  componen 
(Figure  6.2).  However,  components  with  a lower  hierarchical  ranking  m. 
influence  higher  ranked  components  through  feedback  loops  te  g.,  feedit 
strategies  or  disturbance:  Starfield  and  Bleloch  1986.  DeAngelis  et  al.  198 
Naiman  1988). 

Based  on  this  analysis,  we  chose  five  components  that  reflect  differe 
hierarchical  levels  of  control  on  stream  characteristics,  that  are  inteerati 
of  species-specific  processes  (e  g.,  population  dynamics),  and  that  are  e 
sential  for  maintaining  the  long-term  environmental  vitality  of  drainage  nt 
works  (Table  6.1).  All  processes  influence  either  water,  sediment,  and  woo 
debris  delivery  to  the  channel  or  the  routing  of  those  materials  through  t 
drainage  network,  or  are  responsive  to  material  delivery  and  routing  pr 
cesses.  These  live  fundamental  components  are  basin  geomorphology,  h 
drologic  patterns,  water  quality,  npanan  forest  characteristics,  and  habii 
characteristics. 

The  geographic  reference  for  our  observations  is  limited  largely  to  hi 
precipitation  basins  west  of  the  Cascade  Mountains  in  northern  Califom: 
Oregon,  and  Washington  but  may  have  application  to  the  coastal  regions 
British  Columbia  and  southeastern  Alaska  (Figure  6 3).  The  majority  of  n 
ers  draining  into  the  Pacific  Ocean  along  the  northwestern  coast  of  Noi 
America  originate  in  steep,  mountainous  terrains  of  the  Northwestern  G 
dillera  (McKee  1972).  Along  the  coast  of  Washington  and  Oregon,  t 
Northwestern  Cordillera  is  represented  by  the  Coast  Range  and  the  Casca 
Mountains  to  the  east.  These  watersheds  have  diverse  geomorphic  process 
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Table  6 1 Six  fundamental  components  of  ecologically  healthy  watersheds  in  the 
Pacific  Northwest  Pacific  Northwest  coastal  ecoregion 


Component 

I Basin 

geomorohology 


2.  Hydrologic 
patterns 


3.  Water  quality 


4 Riparian  forest 
characteristics 


? Habitat 

characteristics 


Approximate 

Hierarchical 

Level 

Factors 

Considered 

Sphere  oi 
Influence 

i *-r 

A.  Physiographic 

Effects  all  factors 

and  geologic 
setting 

B Significant 
geomorphic 
processes 
C.  Natural 
disturbance 
repines 

except  climate 

i *-r 

A.  Discharge 

Channel 

pattern  flood 

geomorphology 

characteristics 

and  other 

and  water 

physical 

storage 

characienstics. 

B Bedload  and 

some  aspects  of 

sediment  routing 

chemical  regime. 

C.  Subsurface 

n pan  an  forest. 

dynamics 

and  tn-channel 

community 

dynamics 

3*-** 

A.  Biogeochemical 

Feedbacks  to 

processes 

terrestrial 

B Fundamental 

vegetation  and 

parameters 

direct  effects  on 
chemical  and 
biotic 

characteristics 

r-3* 

A.  Light  and 

Most  aspects  of  the 

temperature 

physical. 

B.  Allochthonous 

chemical,  and 

inputs 

biotic 

C.  Woody  debns 
source 

characteristics 

3* 

A.  Fish  habitat 

Influence  in  other 

preferences 

biotic 

B.  Fish  community 

communities  m 

dynamics 

stream  and  strong 

C.  Spatial  and 

feedbacks  to 

temporal 

physical. 

dynamics 

chemical,  and 

D.  Woody  debns 

terrestrial 

accumulations 

E.  Wildlife 
communities 

F.  Trophic 
pathways 

dynamics 
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Figure  6.3.  The  coastal 
article. 


ecoregion  of  the  Pac.fic  Northwest  as  referred  to  m this 


3 l0ng;IUdinal  -eradlcnt  "Ending  from  mountain  ndges  to 
the  Su^UCt,on  ° K'w  crust  beneath  continental  lithosphere  ^along 
he  Pacific  Coast  results  in  steep,  high  elevation  mountains.  Heavy  precip- 

' l°n.dU'  IO  or°8raPhlc  llf,ln?  of  moist  air  from  the  Pacific  Ocean  loeethcr 
W“h  the  sleep  lerrain.  resulis  ,n  erosion  dommaied  by  mass  wasline'  The 
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ogy  of  the  Pacific  Northwest  mountains  contains  a diversity  of  lithol- 
s.  including  manne  sedimentary  sequences,  metasedimentary  rocks, 
ous  old  and  more  recent  volcanics.  and  granitic  plutons  (McKee  1972). 
pect  terrain,  or  rafted  continental  crust,  also  contributes  to  the  geologic 
iplexitv. 

"he  most  recent  continental  glaciation  ended  approximately  14.000  years 
and  significantly  altered  the  landscape  of  northwestern  Washington  (north 
,'entralta).  British  Columbia,  and  parts  of  southeastern  Alaska  (Crandell 
5).  The  retreating  ice  sheets  deposited  thick  layers  of  till,  lake  clay,  and 
wash  sand  in  valley  bottoms  and  the  Puget  Lowland.  Typically,  major 
•rs  and  many  smaller  tributaries  within  these  regions  continue  to  incise 
>ugh  glacial  sediments. 


sin  Geomorphology 

ural  Disturbances  and  Stream  Size 

■.in  geomorphologv  in  ecologically  healthy  watersheds  is  affected  by  the 
e.  frequency,  and  intensity  of  natural  disturbances.  Characteristics  of  these 
turbances  reflect  the  spatial  position  of  channel  segments  in  the  drainage 
work.  Processes  of  material  delivery  and  routing  are  highly  interactive 
h hydrologic  patterns  and  riparian  vegetation. 

imorphic  Processes  and  Forms  in  Low-Order  Channels. 

the  Pacific  Northwest,  low-order  (e.g..  first-  and  second-order)  stream 
tments  represent  >70%  of  the  cumulative  channel  length  in  typical  moun- 
i watersheds  (Benda  et  al.  1992).  Hence  low-order  channels  are  the  pn- 
ry  conduits  for  water,  sediment,  and  vegetative  material  routed  from  hill- 
pes  to  higher-order  rivers.  First-  and  second-order  basins  are  naturally 
me  to  catastrophic  erosion  because  steep  slopes  adjacent  to  steep  channels 
or  landslides  and  debris  flows. 

n the  few  studies  conducted  in  the  coastal  ecoregion.  first-  and  second- 
er channels  in  steep  bedrock  of  mountain  basins  do  not  transport  signif- 
nt  quantities  of  sediment  by  water  flow:  hence  these  channels  have  limited 
lounts  of  stored  alluvium  (Figure  6.4.  top).  Swanson  et  al.  (1982)  esti- 
ited  that  fluvial  transport  accounted  for  approximately  209b  of  the  total 
liment  yield  from  a first-order  basin  in  the  central  Oregon  Cascades.  In 
; Oregon  Coast  Range.  Benda  and  Dunne  ( 1987),  using  a sediment  budget 
proach  that  included  specifying  sediment  routing  by  debris  flow,  estimated 
it  fluvial  processes  accounted  for  10  to  20%  of  the  total  sediment  yield. 
Low-order  channels  are  filled  primarily  with  colluvium,  characterized  by 
arse,  unsorted  sediments,  including  silts  and  clays  derived  from  landslides 
d debris  flows  (Benda  and  Dunne  1987).  Low-order  channels  also  contain 
ostantial  amounts  of  boulders  (>27  cm  diameter)  and  woody  debris  (>10 
i diameter)  because  streamfiow  is  not  competent  to  transport  the  largest 
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Figure  6 4 Generalized  channel  morphology  and  disturbance  regimes  assoc 
with  low-,  mid-,  and  high-order  streams  in  the  Pacific  Northwest  coastal  ecore 
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materials.  First-  and  second-order  channels  have  steep  gradients  (typicaJK 
>8  degrees),  but  have  lower  gradients  over  shorter  ( < 1 0 m)  lengths  cfue  to 
accumulations  of  woody  debris  organized  into  debris  jams  which  create  a 
stepped  longitudinal  profile  (Swanson  and  Lienkaemper  1978).  Woody  de- 
bris jams  store  sediment  and  contribute  to  discontinuous  sediment  transport 
during  storms  (Heede  1972.  Mosley  1981).  Bedforms  in  steep  first-  and 
second-order  channels  are  generally  limited  to  plunge  pools  in  coarse-tex- 
tured  substrate,  migrating  gravel  sheets  originating  from  streamside  land- 
slides. and  local  accumulations  of  finer  sediment  upstream  from  woody  de- 
bris and  boulder  obstructions.  Woody  debris  jams  can  account  for  the  majority 
of  energy  loss  of  flowing  water  in  steep,  low-order  channels  (Beschta  and 
Platts  1986).  implying  that  less  energy  is  available  for  sediment  transport. 

Landslides  occur  on  steep  slopes  during  large  rainstorms  or  rain-on-snow 
events  (Swanston  and  Swanson  1976).  Furthermore,  wildfires  kill  vegeta- 
tion. and  loss  of  root  strength  may  result  in  landslide  and  debris  flow  activity 
during  large  rainstorms  (see  below).  Certain  landslides  at  the  heads  of  low- 
order  valleys  are  transformed  into  debris  flows,  eroding  accumulated  sedi- 
ment and  organic  debris  from  first-  and  second-order  channels  (Benda  and 
Dunne  1987).  Debris  flows  are  one  of  the  most  common  forms  of  mass 
wasting  in  mountain  watersheds  of  the  coastal  ecoregion.  and  are  the  prin- 
cipal process  transporting  sediment  and  woody  debris  in  first-  and  second- 
order  channels  (Swanson  et  al.  1985).  Recurrence  intervals  of  debris  flows 
have  been  estimated  to  be  once  in  500  years  for  first-order  channels  in  the 
central  Oregon  Cascades  (Swanson  et  al.  1982).  and  once  in  750-1.500 
years  for  first-  and  second-order  channels  in  the  Oregon  Coast  Range  (Benda 
and  Dunne  1987). 

Geomorphic  Processes  and  Forms  in  Mid-Order  Channels. 

Third-  through  fifth-order  channels,  referred  to  as  mid-order  channels,  are 
characterized  by  moderate  to  steep  gradients  ( 1 to  6 degrees),  substrates 
ranging  from  boulders  to  gravels  (or  sands  in  some  streams),  and  abundant 
large  organic  debris  in  jams  and  single  pieces  (Figure  6.4.  middle).  True 
alluvial  channel  systems  in  the  coastal  ecoregion  begin  at  third-order  chan- 
nels (e.g.,  where  the  majority  of  sediment  and  organic  debris  is  transported 
bv  water). 

Mass  wasting  often  dominates  the  amount  and  type  of  deposition  along 
narrow  valley  floors  of  mid-order  channels.  Debris  flow  deposits  in  confined 
valleys  create  fans  at  mouths  of  first-  and  second-order  basins,  and  levees 
and  terraces  along  valley  floors  (Benda  1990).  Streams  are  often  forced  to- 
ward the  opposite  valley  wall  by  alluvial  or  debris  flow  fans.  For  example. 
65%  of  stream  meanders  in  a fifth-order  basin  in  the  Oregon  Coast  Range 
with  a sinuositv  of  > 1 . 1 were  maintained  by  debris  flow  fans  (Benda  1990). 
Landslides  and  debns  flows  also  deposit  large  volumes  of  sediment  and  veg- 
etative material  ( 1.000  - 10.000  m')  directly  into  mid-order  channels.  Local 
channel  aggradation  and  logjams  persist  at  the  site  of  deposition  for  years 
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to  decades  (Benda  1988.  Perkins  1989).  In  the  central  Oregon  Coast  F 
debns  flows  control  the  distribution  of  boulders  in  alluvial  channels  i 
1990). 

Eanhflows  often  impinge  on  third-  through  fifth-order  valley  floors 
ing  local  constrictions  and  streamside  landslides  (Swanson  et  al.  1985 
position  of  entire  trees  and  large  volumes  of  sediment  cause  local  ci 
aggradation  at  the  site  of  earthflows  and  immediately  downstream.  S 
within  narrow  valley  floors  may  impinge  directly  on  hillslopes.  causir 
sion  in  the  form  of  rockfall  in  nonglaciated  basins,  or  landslides  or  <■ 
in  glacial  deposits,  which  further  affects  channel  morphology. 

An  important  catastrophic  process  in  mid-order  channels  is  the  lam 
dam-break  flood.  Deposits  of  landslides  and  debris  flows  often  temp 
dam  streams  along  narrow  valley  floors  (Figure  6.4).  A rapid  failure 
dam  and  subsequent  release  of  the  ponded  water  may  cause  an  extreme 
destroying  n pan  an  vegetation  and  removing  in-channel  organic  debr. 
cele rated  sediment  transport  by  streamflow  follows  in  the  wake  of  th< 
break  flood. 

Channel  form  is  influenced  by  mass  wasting  deposits  (see  above)  b 
reflects  normal  alluvial  processes.  Bedforms  include  alternate  pool  an 
morphology  at  meanders,  and  migrating  gravel  sheets  originating  froi 
inputs  of  sediment.  In  addition,  a kind  of  bedform  called  scourlobe 
as  flow  convergence  erodes  channel  beds,  forming  pools,  and  flow 
gence  downstream  deposits  bars  or  gravel  lobes  (Lisle  1987).  Scour 
bedrock  bends  may  also  produce  scour  lobes.  Channels  dominated  b 
substrate  may  develop  a boulder-cascade  or  step-pool  morpholoey  Th 
form  is  characterized  by  organized  aggregations  of  boulders  which  c 
sequence  of  cascades  and  boulder  pools  (Whittaker  and  Jaeggi  1982 
et  al.  1990).  Pools  tend  to  be  deep  in  relation  to  channel  widths: 
depth  ratios  are  1:10. 

Third-  through  fifth-order  channels  transport  the  majority  of  sedirr 
livened  to  them  rather  than  storing  it  for  long  periods,  because  of  re 
steep  gradients,  well-armored  channel  banks,  and  narrow  vallev 
Channels  with  these  characteristics  tend  to  contain  flood  flows.  Her 
races,  overflow  channels,  and  oxbow  lakes  tend  to  be  limited  in  thest 
Channels  are  typically  single  thread,  with  the  exception  of  diversion  of 
around  woody  debris  jams  and  mass  wasting  deposits. 

Mass  wasting  influences  the  temporal  distribution  of  sediments  in 
channels,  either  because  it  deposits  sediment  directly  into  alluvial  c 
or  because  the  deposits  provide  a source  for  accelerated  sediment  tr 
further  downstream  (Benda  and  Dunne  1987).  The  stochastic  nature 
iment  supply  to  alluvial  channels  by  debris  flows  and  landslides  m 
mote  significant  temporal  variation  of  bedforms.  For  example,  in  the 
Coast  Range,  episodic  debns  flows  are  responsible  for  channel  aegr 
which  results  in  a gravel-bed  morphology,  while  the  absence  of  debr 
results  in  a mixed  bedrock-  and  boulder-bed  morpholoey  at  the  » 
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>tream  reaches  to  entire  tributaries  (Benda  1990)  In  addition,  spatial  van- 
ability  in  channel  form  in  mid-order  streams  can  be  significant  due  to  fre- 
quent deposits  of  sediment  and  organic  debns  from  landslides,  debns  flows, 
and  earth  flows. 

Ceomorphic  Processes  and  Forms  in  High-Order  Channels. 

Large  rivers  of  sixth  order  and  higher  integrate  the  diversity  of  erosional 
processes  in  time  and  space  (Figure  6.4.  bottom).  Hence  sediment  supply 
is  more  steady  in  time,  and  as  a result  the  channel  form  (that  which  is  de- 
pendent on  the  sediment  supply  rate,  such  as  pools)  is  more  uniform  in 
>pace.  In  addition,  extensive  alluvial  terraces  and  floodplains  isolate  the  river 
from  direct  contact  with  hillslopes  and  low-order  tributary  basins,  and  there- 
fore limit  the  direct  influences  of  mass  wasting. 

Large  rivers  son  sediment  by  size  or  selectively  transport  it  along  the 
longitudinal  gradient  from  third-  through  sixth-  and  higher-order  channels. 
As  gradient  decreases  and  channels  widen,  transport  of  large  sediment  de- 
creases. The  coarsest  sediment  is  found  in  upper  watersheds,  often  adjacent 
to  mass  wasting  deposits;  the  finest  sediment,  such  as  sand  and  small  gravel, 
is  in  the  lower  reaches  (Brierley  and  Hickin  1985).  Particle  comminution  or 
abrasion  further  limits  sediment  size  downstream.  General  exceptions  to  this 
decline  in  substrate  size  downvalley  include  local  accumulations  of  larger 
particles  at  tributary  confluences,  aggradation  of  finer  sediment  behind  de- 
bns jams,  and  landslide  and  debris  flow  deposits. 

Large  discharge  and  easily  erodible  banks  in  large  rivers  favor  the  de- 
velopment of  meandering  floodplain  channels,  creating  altematine  pool  and 
riffle  morphology  (Dunne  and  Leopold  1978)  Other  common  bedforms  in 
large  rivers  include  mid-channel  bars  formed  by  organic  or  inorganic  ob- 
structions. and  tram  verse  bars  formed  by  flow  separation  due  to  changing 
channel  geometry  (Figure  6.4,  bottom).  The  scale  and  dimension  of  the  pool- 
nffle  morphology  depend  on  bank  height  and  composition,  size  and  type  of 
riparian  vegetation,  size  of  bedload,  discharge  regime,  and  so  forth.  Rivers 
tend  to  be  slightly  deeper  and  significantly  wider  than  steep  stream  channels 
upvalley.  width  to  depth  ratios  range  from  ~I0  to  >20. 

Lateral  migration  of  rivers  occurs  continuously  and  does  not  depend  on 
extreme  events,  though  migration  may  occur  more  rapidly  during  large  floods. 
Evulsions  are  common  and  multiple  thread  channels  are  formed,  often  dur- 
ing flood  events,  because  of  weak  bank  deposits.  This  leads  to  the  devel- 
opment of  floodplains  kilometers  wide  containing  numerous  active  and  semi- 
active channels  (Sedell  and  Froggatt  1984).  Meander  cutoffs  create  oxbow 
lakes,  the  size  and  number  depending  on  meander  history  of  the  nver.  width 
of  the  floodplain,  and  groundwater  characteristics  of  the  alluvial  plain.  Wet- 
lands become  numerous  within  and  along  cutoff  meanders  and  oxbow  lakes. 

If  the  hydrologic  regime  is  characterized  by  a high  flood  frequency,  lateral 
migration  may  also  occur  more  frequently.  Hence  vegetation  patterns  along 


138 


Robert  J Narnian  et  al 


these  types  of  rivers  will  contain  young  succession^  stages  and  perhaps 
greater  heterogeneity  of  stand  ages. 

Small  tributaries,  originating  from  steep  areas  or  as  springs,  cross  alluvia 
terraces  and  floodplains  with  larger  rivers  These  small  channels  are  similar 
though  smaller  in  scale,  to  larger  alluvial  channels,  and  they  have  been  re 
fetred  to  as  wall-base  channels  (Peterson  1982a.  b).  Wall -base  channel 
meander  through  easily  erodible  alluvial  sediments  and  their  bedforms  ar 
dominated  by  alternate  pools  and  nffles.  scour  lobes,  and  plunge  pools 

Erosion  and  Sedimentation  in  Ecologically  Healthy  Watersheds 

While  erosion  and  sedimentation  are  often  viewed  negatively  from  a bic 
logical  point  of  view,  they  art  essential  to  the  ecological  functioning  c 
aquatic  and  terrestrial  communities  because  they  provide  the  sources  and  th 
surfaces  necessary  for  habitat.  In  mountain  regions  in  particular,  erosion  an 
sedimentation  are  often  violent  (e  g.,  landslides,  debris  flows,  landslide 
dam-break  floods,  and  snow  avalanches)  and  produce  mortality  among  ter 
restrial  and  aquatic  organisms.  Geomorphic  surfaces  in  streams  or  on  lan 
in  the  wake  of  these  powerful  processes  often  evolve  into  productive  an 
biologically  attractive  sites  because  of  the  revitalization  of  geochemical  cycle; 
introduction  of  buried  and  unbuned  organic  debris,  and  opening  of  fore; 
canopies,  thus  increasing  sunlight.  In  ecologically  healthy  watersheds  of  th 
Pacific  Northwest,  these  violent  geomorphic  processes  vary  considerably  i 
extent  and  frequency.  Disturbance  regime  is  the  term  generally  used  in  di; 
cussing  the  results  of  these  processes. 

A disturbance  is  any  significant  fluctuation  in  the  supply  or  routing  < 
water,  sediment,  or  woody  debns  which  causes  a measurable  change  in  chamx 
morphology  and  leads  to  a change  in  a biological  community  (Pickett  an 
White  1985).  The  disturbance  regime,  therefore,  is  the  type,  frequency 
magnitude  and  spatial  distribution  of  changes  in  biological  communitie; 
Changes  in  the  supply  or  the  routing  of  sediment  and  organic  debns  a; 
usually  the  result  of  local  mass  wasting  or  large  floods.  Some  specific  effec 
of  mass  wasting  deposits  on  valley  floors  and  channels  have  been  covere 
in  the  previous  sections  on  low-  and  mid-order  channels.  Roods  not  asst 
dated  with  mass  wasting  have  less  of  an  influence  on  low-  to  mid-ordt 
rivers  (Grant  1986). 

Although  fluvial  transport  of  sediment  is  often  limited  by  supply  of  sec 
iment.  large  floods  can  generate  considerable  bank  erosion.  Moreover,  du: 
ing  floods,  sediment  transport  resulting  from  bank  erosion  in  low-ordi 
channels  reaches  its  maximum  Hence  the  potential  for  bedload  waves  prof 
agating  from  low-  to  mid-order  streams  exists  during  floods.  As  these  wave 
pass  downstream,  they  may  locally  cause  accelerated  bank  erosion,  thereb 
creating  a positive  feedback  mechanism  or  a complex  fluvial  response  Give 
the  potential  for  significant  sediment  transport  by  floods,  watershed  infli 
ences  on  the  magnitude  and  timing  of  annual  (and  less  frequent)  floods  aj 
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contributing  determinants  of  natural  stream  characteristics  The  influence  of 
flood  regimes  (associated  largely  with  climate  and  elevation)  and  watershed 
characteristics  (such  as  geomorphology)  is  discussed  tn  the  following  section. 

Erosion  in  mountain  terrains  of  the  coastal  ecoregion  is  dominated  by 
mass  wasting  Therefore,  triggering  mechanisms  such  as  rainstorms  and 
wildfires  were  responsible  for  episodic  transfers  of  sediment  and  organic 
debns  from  hillslopes  and  low-order  channels  to  third-  and  higher-order  streams 
-hJ  rivers  (Swanson  et  al.  1982.  Benda  1990).  Past  tense  is  used  because 
Idfires  are  typically  suppressed,  while  timber  harvest  activities  have  cre- 
ed a new  pattern  of  disturbance  across  landscapes.  Little  is  known  about 
frequencies,  magnitudes,  and  spatial  distributions  of  histone  wildfires  and 
rainstorms,  and  therefore  characteristics  of  natural  erosional  patterns  (or  dis- 
turbance regimes)  in  large  watersheds  are  not  well  understood. 

Wildfires,  of  varying  intensities  and  in  various  locations,  are  controlled, 
to  some  extent,  by  climate  and  local  topography  (Teensma  1987).  In  Mount 
Rainier  National  Park.  Washington.  Hemstrom  and  Franklin  (1982)  esti- 
mated average  recurrence  intervals  for  stand-resetting  wildfires  to  be  -450 
years.  In  coastal  forests  of  the  Olympic  Peninsula  and  Oregon  Coast  Range, 
a recurrence  interval  of  a large  stand  was  about  two  centuries  (Agee  1990). 
In  contrast,  recurrence  intervals  of  rainstorms  that  initiate  landslides  and 
debris  flows  are  a few  decades  or  less  (Pierson  1977).  A wildfire  followed 
by  large  storms  has  the  potential  of  inducing  a spate  of  erosion  that  may 
result  in  sedimentation,  and  therefore  a large  channel  disturbance  over  stream 
reaches  to  entire  drainage  networks  (Benda  1990). 

Erosion-  and  sedimentation-related  disturbances  in  channels  exhibit  spatial 
variability  because  storms  and  fires  act  on  different  areas  at  different  times. 
The  scale  of  heterogeneity  may  range  from  individual  small  basins  (and 
channels)  to  a major  portion  of  a large  watershed  (numerous  channels). 

Several  aspects  of  disturbance  regimes  are  important  to  the  functioning  of 
'lological  communities  in  mountain  watersheds.  Unfortunately,  knowledge 
of  natural  disturbance  regimes  is  limited  because  of  the  length  of  time  re- 
quired for  the  processes  to  operate  ( 100  to  1.000  years)  and  therefore  to  be 
observed  by  humans,  and  because  recent  use  has  altered  the  disturbance 
regimes  in  ways  not  fully  understood.  Nevertheless,  we  are  able  to  concep- 
tualize some  attributes  of  natural  disturbance  regimes. 

Disturbances  related  to  erosion  and  sedimentation  in  low-  to  mid-order 
basins  are  thought  to  be  characterized  by  high  magnitude  and  low  frequency 
because  of  the  large  number  of  mass  wasting  events  and  the  potential  for 
wildfires  to  range  over  these  basins  (Swanson  et  al.  1982.  Benda  1990) 
(Figure  6.4).  Within  larger  watersheds  (mid-order.  Figure  6.4)  asynchronous 
combinations  of  fires  and  rainstorms  act  to  limit  the  magnitude  of  the  sed- 
iment and  organic  debns  movement  downstream.  Though  events  may  not 
be  coupled  in  time  within  a larger  watershed,  they  occur  (collectively)  more 
frequently  because  of  the  greater  area  and  therefore  greater  probability  of 
occurrence.  This  creates  a disturbance  regime,  as  far  as  sediment  flux  is 
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F»clr£  6.5.  In  ecologically  healthy  watersheds  there  is  a natural  spatial  and  tempo 
heterogeneity  of  disturbances  between  subbasins. 


concerned,  characterized  by  lower  magnitude  and  increasing  frequency  (F 
ure  6.4.  middle).  In  high-order  rivers,  the  integration  of  many  occurreni 
of  erosion  and  the  isolation  of  larger  systems  from  direct  influences  of  m; 
wasting  conspire  to  further  reduce  the  magnitude  of  sediment-related  d 
turbances  while  increasing  their  frequency  (Figure  6 4.  bottom). 

Spatial  heterogeneity  of  erosion  and  sedimentation  due  to  asvnchronc 
fires  and  rainstorms  may  lead  to  adjacent  basins  having  decoupled  pane: 
of  disturbance  (Figure  6.5).  In  this  example,  the  degree  of  disturbance  c 
be  thought  of  as  time  since  the  last  event  and  the  magnitude  of  that  eve 
This  potential  habitat  variability  can  be  viewed  as  a habitat  diversity.  At  i 
scale  of  a larger  watershed,  stochastic  occurrences  of  mass  wasting  lead 
basins  having  a unique  variety  of  disturbance  regimes.  This  results  m a s\ 
tial  and  temporal  distribution  of  subbasins  in  states  of  alternating  low. 
termediate.  and  high  disturbance. 

Therefore,  the  type,  intensity,  and  frequency  of  erosional  events  and  th 
spatial  distribution  across  landscapes  are  important  considerations  to  und 
standing  the  relationships  between  geomorphic  process,  form,  and  ecol. 
ical  functioning  of  watersheds.  The  temporal  and  spatial  scales  at  wh 
these  processes  occur,  however,  complicate  their  study.  Our  minimal  kno> 
edge  of  natural  disturbance  regimes  limits  our  understanding  of  the  fu 
uon.ng  of  ecologically  healthy  watersheds  over  long  penods  and  large  spa 
scales,  thus  precluding  accurate  environmental  assessments  of  the  long-te 
effects  of  land  use  in  watersheds  in  the  coastal  ecoregion. 

Hydrologic  Patterns 

Hydrologic  patterns  of  ecologically  healthy  watersheds  in  the  coastal  ecc 
gion  are  strongly  related  to  the  timing  and  quantity  of  flow,  charactensi 
of  seasonal  water  storage  and  source  area,  and  the  dynamics  of  surfa 
subsurface  (e  g.,  hvporheic)  exchanges 
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Figure  6 6 Flood  regions  of  western  Washington.  USA. 


Timing  and  Quantity  of  Flow 

Distinct  flood  regimes  in  the  coastal  ecoregion  of  Washington  have  been 
identified  in  two  analyses  of  regional  stream  gauging  data  (Bodhaine  and 
Thomas  1964.  Cummans  et  al.  1975).  A map  of  these  flood  regions  provides 
perspective  on  the  spatial  variability  of  runoff  intensity  (Figure  6.6). 

Comparison  of  the  Stillaguamish  River  (Region  I),  Nooksack  River  and 
Cedar  River  (Region  II).  and  Pilchuck  Creek  (Region  III)  provides  an  ex- 
ample of  basic  differences  in  amount  and  form  of  precipitation,  seasonal 
timing,  and  water  storage  within  a region  (Figure  6.7).  Region  I comprises 
the  western  Cascades  and  the  northwestern  portion  of  the  Olympic  Penin- 
sula. The  Cascade  Mountain  portion  of  Region  I is  located  in  the  atmo- 
spheric convergence  zone  east  of  the  Strait  of  Juan  de  Fuca  where  air  masses 
moving  north  through  the  Puget  Lowland  collide  with  air  moving  east  through 
the  Strait,  causing  heavy  precipitation.  Region  II  covers  most  of  the  rest  of 
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Figure  6 7.  Representative  annual  flow  regimes  for  the  three  major  flood  regions 
of  western  Washington  Region  I:  Stillaguamish  River  i-O-):  Region  II:  Nooksack 
River  i«>  and  Cedar  Riser  iC);  Region  III:  Pilchuck  Creek  (•> 


the  western  Cascades,  including  intermediate  mountain  elevations  where  rain- 
on-snow  events  are  most  common  (Bems  and  Harr  1987).  Rain-on-snow 
events  are  also  common  in  the  Cascade  Mountain  portion  of  Region  I.  Rain- 
on-snow  events  are  periods  of  accelerated  runoff  resulting  from  melting  of 
a warm  snowpack  caused  by  warm  winds  and  rainfall.  In  western  Wash- 
ington and  Oregon,  these  occur  in  eariy  winter  and  spring,  when  snow  levels 
are  likely  to  fluctuate  over  hundreds  of  meters  in  elevation.  Region  III  covers 
the  Puget  Lowland  (in  a rain-shadow)  and  the  higher  elevations  west  of  the 
Cascade  crest  (snow  dominated);  in  this  area  rain-on-snow  events  are  least 
common  because  elevations  are  either  too  low  to  produce  frequent  snow  or 
too  high  to  produce  frequent  rain. 

The  predicted  peak  discharges  of  a 25-year  recurrence  interval  flood  in 
the  three  dominant  Cascade  flood  regions  are  markedly  different  (Figure 
6.8)  Discharges  calculated  from  the  regression  formulae  of  Cummans  et  al. 
( 1975)  (standardized  to  units  of  discharge  per  unit  watershed  area  with  stan- 
dard errors  of  32.  39.  and  50ft  in  Regions  I.  II.  and  III.  respectively)  show 
that  Region  I produces  the  highest  discharge.  Region  III  the  lowest,  and 
Region  II  an  intermediate  amount.  In  addition,  smaller  drainage  areas  pro- 
duce more  runoff  per  unit  area  than  larger  ones,  regardless  of  region.  This 
reflects  the  decreasing  likelihood  of  a storm  covering  the  entire  watershed 
as  watershed  area  increases,  and  the  increase  in  floodplain  storage  (e  g., 
lakes  and  wetlands)  as  watershed  size  and  stream  order  increase. 

The  predicted  peak  discharges  of  2-year.  25-year,  and  100-year  recurrence 
interval  floods  in  Region  I show  a similar  pattern  of  discharge  per  unit  wa- 
tershed area  (Figure  6 9).  As  before,  the  discharge  was  standardized  and 
calculated  (after  Cummans  et  al.  1975)  for  hypothetical  watersheds  of  three 
different  sizes.  Standard  errors  of  the  estimates  are  25.  32.  and  409t  for  the 
2-year.  25-vear.  and  100-year  recurrence  interval  floods,  respectively.  Pre- 
dicted flood  discharge  decreased  with  increasing  drainaee  area  The  25-year 
flood  was  about  twice  the  magnitude  of  the  2-year  flood,  the  100-year  flood 
was  about  triple  the  magnitude  of  the  2-year  flood  (Fieure  6 9) 
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lre  6 8 Estimated  15-year  recurrence  interval  peak  discharges  for  the  three  dom- 
nt  flood  regions  in  western  Washington,  by  drainage  area. 


The  significance  of  floods  to  high-order  channels  and  associated  riparian 
rests  is  as  a disturbance  creating  heterogeneous  habitat  and  as  a recharge 
rree  for  alluvial  aquifers.  Identifying  a characteristic  flood  threshold  at 
ich  significant  disturbance  occurs  for  a given  stream,  location,  or  region 
:y  be  desirable  to  assess  ecological  effects.  Once  identified,  such  thresh- 
:s  could  define  the  spatial  and  temporal  limits  of  disturbance  in  floodplain 
1 riparian  environments.  This  concept  is  best  explored  in  the  context  of 
following  case  study. 

rhe  potential  for  defining  an  ecologically  significant  flood  recurrence  in- 
val  is  suggested  by  a study  of  the  Skagit  River.  Washington.  Stewart  and 


2.6  26  260 


Drainage  Area  (km2) 

RE  6.9  Predicted  peak  discharge  of  2-year.  25-vear.  and  100-year  recurrence 
•val  floods  in  Region  1 (western  Washington.  USA)  by  drainage  area. 
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Bodhatne  (1961)  reconstructed  Skagit  River  Hoods  (1815-1958)  based  on 
accounts  of  Native  Americans  and  white  settlers  and  on  field  measurements 
The  floods  occurred  in  1815.  1856.  1880.  1882,  1894.  1896.  1897.  1906. 
1909.  1917.  1921.  1932.  1949.  and  1951.  These  14  floods,  occurring  in  a 
period  of  143  years,  suggest  that  significant  Hoods  recur,  on  average,  every 
10  years.  Alternatively,  the  probability  of  a Hood  of  this  magnitude  (4.000 
m3/s)  occurring  in  any  year  is  0. 10.  Six  of  the  14  floods  occurred  within  5 
years  of  each  other,  suggesting  that  large  Hoods  occur  in  cycles,  resulting 
in  clusters  of  large  Hoods  concentrated  in  relatively  short  intervals.  Although 
effects  of  such  Hoods  on  riparian  and  Hoodplain  environments  were  not  well 
documented,  these  14  Hoods  resulted  in  extensive  Hoodplain  inundation 
Additional  analysis  of  the  Skagit  River  Hood  history  by  Stewan  and  Bod- 
haine  (1961)  produced  a Hood  frequency  curve  scaled  to  the  mean  annual 
Hood  The  10-year  recurrence  interval  Hood  had  a discharge  almost  double 
the  mean  annual  Hood— suggesting,  perhaps,  a threshold.  Further  hydro- 
logical  and  ecological  analyses  would  be  necessary  to  determine  whether  the 
10- year  Hood  recurrence  interval  can  be  matched  with  patterns  of  riparian 
vegetation  succession,  thus  providing  evidence  of  an  ecologically  significant 
Hood  threshold. 

Runoff  Processes 

Runoff  processes  inHuence  quantity,  quality,  and  timing  of  surface  and  sub- 
surface How.  Water  routing  mHuences  riparian  vegetation,  nutnent  inputs, 
and  stream  productivity.  Processes  acting  on  runoff  before  the  How  reaches 
the  channel  are  numerous  (Dunne  1978).  In  the  heavily  forested  Pacific  coastal 
ecoregion.  overland  How  is  usually  not  an  important  process  because  infil- 
tration capacities  greatly  exceed  precipitation  intensity  (Harr  1976).  Lateral 
subsurface  How  is  the  dominant  runoff  process  (Dunne  1978.  Burt  and  Ar- 
kell  1986.  Beschta  et  al.  1987.  Troendle  1987).  Subsurface  How  may  occur 
as  matrix  How.  or  through  macropores  such  as  root  channels,  animal  bur- 
rows. and  even  larger  soil  pipes  (Higgins  1984.  Roberge  and  Plamondon 
1987.  Beaudry  et  al.  1990).  Shallow  soils  (over  bedrock)  and  numerous 
macropores  and  soil  pipes  enable  a quick  stream  response  to  storm  events. 
The  discontinuous  network  of  soil  macropores  and  pipes  promotes  rapid  sub- 
surface How  Deeply  incised  depressions  in  steep,  mountainous  terrain  of 
the  Pacific  Northwest  have  a greater  response  than  broader  depressions  (Si- 
dle 1986).  The  wetter  the  soil  and  the  steeper  the  hydraulic  gradient,  the 
quicker  the  contribution  of  storm  water  or  snowmelt  to  streamHow.  Thus  in 
winter  and  spring,  when  swales  and  stream  valley  bottoms  are  saturated, 
storm  precipitation  reaches  the  stream  rapidly  (Dunne  1978,  O’Loughlin  1986). 

The  wetted  area  of  the  drainage  network  expands  and  contracts  seasonally 
in  response  to  precipitation,  local  topography,  and  soil  characteristics  (Hew- 
lett and  Nutter  1970.  Dunne  1978.  Bun  and  Arkell  1986)  Investigations  in 
humid  mountainous  regions  throughout  the  world  substantiate  the'  applica- 


Elements  ot'  Ecologically  Healthy  Watersheds 


145 


October  - January 


July  - September 


Fall-winter  storms 

Lateral  hillslope  flow 

Caoture  of  summer- 
proauced  materials 


Snow  zone  restnets 
transfers 

Floodplain  expansion 

Matenai  flux  facilitated 
by  surface  and 
subsurface  flows 


Source  area  contracted 

Subsurface  water  flows 
significant 

Snowmelt  provides  for 
larger  source  area  in 
headwaters 


Figure  6 10.  Variable  source  area  concept  for  water  availability  and  storage  for  three 
nydrologic  seasons  October  - January.  February  - June,  and  July  - September 


bilitv  of  this  variable  source  area  concept  (Swistock  et  al.  1989.  Wolock  et 
al.  1989.  Sunada  and  Hong  1988.  Fntsch  et  ai.  1987.  Rhodes  et  al.  1986. 
O'Loughlin  1986.  Satterlund  1985.  Troendle  1985.  Bruijnzeel  1983)  (Figure 
6.10).  These  studies  conducted  outside  the  Pacific  Northwest  show  enough 
similarities  to  extend  the  concept  to  the  Pacific  Northwest  coastal  ecoregion 
Generally,  variable  source  area  has  been  applied  only  to  runoff  in  small 
watersheds.  However,  the  concept  should  be  extended  to  larger  watersheds 
or  to  explain  other  processes,  such  as  nutrient  cycling  and  characteristics  of 
npanan  forests  that  are  important  to  the  stream  ecosystem  (Rhodes  et  al. 
1986.  Oliver  and  Hinckley  1987.  Burt  1989).  The  dynamics  of  the  variable 
source  area  are  important  where  runoff  timing  and  duration  influence  eco- 
logical processes.  For  example,  during  summer  drought,  source  areas  con- 
tract as  drainage  from  hillslopes  decreases  (O'Loughlin  1986).  As  soil  tern- 
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perature  rises.  biologicaJ  activity  increases  in  the  shallow  soil  mantle  until 
it  is  eventually  reduced  by  low  moisture  availability  (Maser  and  Trappe  1984. 
Wanng  and  Schlesinger  1985).  In  autumn,  precipitation  increases  and  the 
variable  source  area  expands  Water  levels  rise  and  the  groundwater  re- 
charge phase  begins.  Increased  water  contact  within  the  soil  enhances  the 
capture  of  carbon  and  nutrients  (Rhodes  et  al.  1986.  Wolock  et  al.  1989). 

Runoff  Processes  in  Low -Order  Watersheds. 

Variability  in  channel  pattern  and  flow  regimes  creates  a habitat  mosaic  along 
the  longitudinal  and  lateral  axes  of  streams  (Minshall  1988.  Pringle  et  al. 
1988).  At  high  elevations,  low-order  watersheds  predominate.  Topography, 
soil  attributes,  and  initial  source  of  flow  (e.g.,  glacial,  snow,  seeps,  hillslope 
runoff)  influence  the  flow  regime  and  variable  source  area  for  the  low-order 
channels.  Low-order  watersheds  are  major  source  areas  for  downstream  sur- 
face water  and  for  recharge  of  alluvial  aquifers  (Compana  and  Boone  1986). 
However,  water  storage  is  limited  by  steep  hillslopes  and  shallow  soils  ad- 
jacent to  the  channel.  Exceptions  occur  in  zones  of  small  floodplains  and 
wet  meadows  where  local  subsurface  water  may  contribute  to  streamflow. 
in  alpine  areas  during  snowmelt,  and  in  permanent  snowflelds  or  glacier- 
fed  streams. 

Subsurface  areas  may  act  as  a storage  compartment  in  winter  and  as  a 
source  for  organic  and  inorganic  nutrients  (Triska  et  al.  1989a).  Deep  per- 
colation and  groundwater  recharge  occur  beneath  the  snowpack  (Compana 
and  Boone  1986.  Munter  1986.  Rhodes  et  al.  1986).  Groundwater  levels 
and  soil  moisture  remain  high  through  midwinter.  Subsurface  flow  is  suf- 
ficient to  sustain  baseflow  and  contributes  nutrients  to  streams  during  winter. 

At  high  elevations,  the  variable  source  area  for  lower-order  streams  ex- 
pands substantially  during  snowmelt  as  soil  layers  become  saturated  (Figures 
6.4  and  6.10).  When  soil  is  fully  saturated,  overland  flow  is  generated  bv 
continued  snowmelt.  Overland  flow  is  important  for  providing  additional 
nutrients  to  the  stream.  For  example,  nitrate -nitrogen  concentrations  are  higher 
in  overland  flow  than  in  groundwater  flow,  with  the  highest  concentrations 
occurring  during  peak  discharge  (Rhodes  et  al.  1986).  This  nitrogen  pulse 
is  important  for  providing  nutrients  to  the  nitrogen-limited  streams  of  the 
coastal  ecoregion. 

In  midsummer,  water  levels  recede  and  the  variable  source  area  contracts 
as  soil  water  is  withdrawn  and  transpired  by  vegetation  (Han  1976.  Walters 
et  al.  1980).  The  subsurface  hydrologic  gradient  toward  the  stream  increases 
as  stream  water  levels  subside.  The  subsurface  storage  compartment  drains 
relatively  quickly  toward  the  stream  (zone  of  convergence)  transporting  nu- 
trients and  carbon  from  the  riparian  forest  (Peter}ohn  and  Correll  1984.  Triska 
et  al.  1989a.  b).  During  drier  periods,  the  variable  source  area  may  shrink 
to  the  channel,  with  the  channel  then  acting  as  the  primary  storage 
compartment 


Elements  of  Ecologically  Healths  Watersheds 


! 47 


Runoff  Processes  in  \did-Order  Watersheds 

\lluvial  stream  processes  dominate  in  third-  through  fifth-order  watersheds 
and  channels.  Variable  source  area  and  storage  expand  as  the  stream  vallev 
■videos.  However,  surface  storage  in  oxbow'  lakes  and  overflow  channels 
-emains  limited  (Benda  1990).  Water  movement  from  the  hillslopes  and  the 
evel  of  soil  saturation  at  the  hill  bottom  are  still  important  runoff  compo- 
nents (0‘Loughlin  1986).  One  result  is  formation  of  wetlands  at  the  base  of 
ullsides.  Wetlands  are  important  storage  areas  for  flow,  expanding  the  vari- 
able source  area  through  the  season  (Holland  et  al.  1990.  Carter  1986.  Wald 
and  Schaefer  1986).  In  the  upper  reaches,  npanan  wetlands  are  restricted 
due  to  narrowness  of  the  valley  However,  wetlands  form  landward  of  flu- 
• ial  floodplain  features  such  as  scroll  bars,  and  on  alluvial  fans  deposited 
oy  tributaries  at  the  base  of  hillslopes  (L.  Meries.  University  of  California. 
Santa  Barbara,  pers.  comm  ).  Beaver  ( Castor  canadems)  also  contribute  to 
the  formation  of  storage  features  (Naiman  et  al.  1988).  During  dry  seasons. 
Mame  wetlands  become  pan  of  the  vanable  source  area;  however,  others  are 
perched  and  do  not  act  as  a water  or  nutrient  source  to  the  stream,  but  as  a 
>ink  (Beaudry  et  aJ.  1990). 

Local  groundwater  aquifers  are  recharged  by  ample  winter  precipitation 
and  snowmelt  and  are  an  important  component  of  streamflow  and  the  vari- 
able source  area  throughout  the  year  (Walker  I960.  Hewlett  and  Nutter  1970 
Freeze  and  Cherry  1979.  Burt  and  Arkell  1986).  Overbank  flooding  prov.des 
additional  recharge  to  groundwater  and  wetlands.  Floodine  duration  is  shorter 
than  in  higher-order  channels.  For  example,  the  two-year  flood  duration  in 
a mid-order  stream  (at  500-1.000  m elevation)  is  approximately  1-2  days 
The  two-year  flood  duration  for  higher-order  streams  is  approximately  3-4 
days  (estimated  from  the  USGS  - Water  Resource  Data  Reports.  1950- 
36)  Aggradation  due  to  mass  wasting  or  episodic  debns  flows  can  increase 
the  flood  stage  and  duration  for  mid-order  streams. 

Runoff  Processes  in  Hifft-Order  Watersheds 

Higher-order  (> sixth-order)  watersheds  and  channels  occur  at  lower  ele- 
vations where  the  dominant  form  of  precipitation  is  rain.  As  the  stream  val- 
ley broadens,  the  variable  source  area  expands  and  remains  more  spatially 
and  temporally  stable  (Figures  6.4  and  6.10).  Tributaries  still  exhibit  sea- 
sonal expansion  and  contraction,  but  not  to  the  degree  seen  in  lower-order 
streams  at  higher  elevations.  Flow  hydrographs  (Figure  6.7)  indicate  that 
winter  storm  and  snowmelt  are  the  dominate  flow  generators  Tributaries 
confined  to  lower  elevations  show  no  influence  from  rain-on-snow  events; 
higher-order  streams  are  still  influenced  by  rain-on-snow  events 
At  low  and  moderate  flow  conditions,  the  main  river  channel  meanders 
across  the  floodplain  (Leopold  et  al.  1964).  Over  time,  cutoff  channels, 
oxbow  lakes,  meander  scrolls,  and  other  backwater  and  high  water  channels 
develop  on  the  broad  valley  floor  Along  some  reaches,  logjams  redirect 


1*8  Robert  J.  Naimaa  et  al. 


flow  into  secondary  channels,  or  the  river  forms  new  channels  (Walker  1960. 
Lienkaemper  and  Swanson  1987).  Increases  in  depression  storage  serve  to 
lengthen  the  time  of  ponding,  and  to  dampen  flood  peaks,  while  prolonging 
the  durarioo  of  inundation.  Non  perched  systems  supply  water  to  subsurface 
systems  following  flood  recession  (Mitsch  and  Gosselink  1986,  Wald  anc 
Schaefer  1986).  When  floodplains  become  inundated  by  overbank  and  breach 
flow  (Hughes  1980),  the  riparian  vegetation  decreases  water  velocities  du< 
to  increased  resistance,  causing  an  increase  in  flood  stage  (Dunne  and  Leo 
pold  1978,  Ponce  and  Lindquist  1990). 

Precipitation,  side  valley  runoff,  and  groundwater  seeps  contribute  to  wate 
inputs  and  erosion  of  the  floodplain  (Dunne  1978,  Higgins  1984).  Majo 
floods  occur  during  periods  of  maximum  soil  moisture  and  highest  subsur 
face  and  wetland  water  levels,  thus  there  is  little  room  for  temporary  storage 
Some  flood  waters  are  placed  in  long-term  storage  in  groundwater  and  deepe 
wetlands.  Flooding  is  not  restricted  just  to  snowmelt  or  storm  events.  T 
magnitude  floods  are  due  to  accumulated  sediment,  beaver  dams,  faiUn  trees 
and  debris  dams  (Sc dell  et  al.  1988).  Thus,  in  ecologically  healthy  wa 
tersheds  in  the  Pacific  Northwest  coastal  ecoregion,  the  valley  bottoms  ax 
wet  or  flooded  moct  of  the  year. 

^iginating  from  seeps,  springs,  and  wetlands  at  the  base  c 
htllslopes,  flow  across  river  terraces.  Most  are  low  gradient  with  stable  flo> 
regimes  from  strong  groundwater  influences.  Other  tributaries,  classified  ; 
valley-wall  tributaries  (Cupp  1989a,  b\  Swanson  and  Lienkaemper  1982 
start  near  the  top  of  the  valley  slopes.  These  have  steep  gradients  and  var 
able  flows.  Unlike  the  headwater  tributaries  originating  in  the  alpine /glaci. 
area,  the  basms  of  these  streams  are  heavily  forested  and  contribute  le 
suspended  sediment.  The  flow  regime  of  these  tributaries  is  dominated  t 
^ Carly  *P™*  Precipitation.  whereas  the  flow  regime  of  tl 
higher-order  main  channel  is  regulated  by  winter  storms,  snowmelt  a: 
groundwater. 

Lowland  riven  become  a network  of  islands,  wood  debris  dams,  slough 
oabow  lakes,  and  beaver  ponds  (SedeU  et  al.  1988).  The  channel  pane 
becomes  anastomosed  (multiple  channels)  due  to  significant  reducrion 
gradient,  sediment  inputs  from  upstream  causing  channel  aggradation  at 

‘h  1973>,  ^ b‘*kw“r  '"■<«  “Minor 

n^'00",  °f  “X*  build“P  °f  ™ levees,  bac 
swraps.  and  other  Dccdplam  features.  The  alluvial  deposits  along  the  high, 
ordm-  channels  of  the  western  Cascades  result  in  some  of  the  highest  spit 

1988)  °f  eTOUndwJ,er  m thc  UmKd  S“KS  (Martin  1982.  Lum  1984.  Da- 
Hyporhcic  Processes  and  Subsurface  Habitat 

Streams  in  the  Pacific  Northwest  coastal  ecoregion  have  three  interact! 
aquaoc  habitats:  surface  or  m-channel  habitat,  floodplain  habitat,  and  si 
s ace  or  hyporhcic  habitat.  The  subsurface  habitax.  or  hyporhcic  zone. 
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the  interstitial  habitat  beneath  the  stream  bed  that  is  the  interface  between 
surface  water  and  the  adjoining  groundwater.  Traditionally,  the  hyporheic 
zone  has  been  considered  a relatively  thin  area  extending  only  tens  of  cen- 
timeters vertically  and  laterally  beneath  and  alongside  the  stream  (Permak 
and  Ward  1986).  However,  recent  investigations  on  gravel-bed  rivers  show 
that  these  habitats  can  extend  throughout  the  alluvial  gravels  of  floodplains. 
Stanford  and  Ward  (1988)  found  the  average  hyporheic  habitat  to  be  3 km 
wide  and  10  m deep  in  an  alluvial  floodplain  on  the  Flathead  River,  Mon- 
tana. Thus,  in  areas  of  extensive  alluvial  gravel  floodplains,  the  hyporheic 
zone  contributes  substantially  to  total  habitat  area. 

Vertical  and  lateral  dimensions  of  subsurface  water  movements  are  con- 
trolled by  geologic  structure  and  layering  of  aquifers  in  the  continental  gla- 
cial till  deposits  of  Washington,  British  Columbia,  and  Alaska.  Toth  (1963) 
suggests  that  there  are  three  distinct  systems;  local  systems,  intermediate 
systems,  and  regional  systems.  Under  this  framework,  local  systems  develop 
only  where  there  is  pronounced  typographic  relief.  Increasing  typographic 
relief  is  hypothesized  to  increase  the  depths  and  the  intensities  of  the  local 
flow  systems. 

Occurrence  of  fractured  bedrock,  as  found  throughout  the  Cascades,  pro- 
vides an  avenue  for  upwelling  of  regional  groundwater  systems  (Freeze  and 
Cheny  1979).  In  lower- gradient  alluvial  valleys,  the  local  water  system  may 
stagnate,  allowing  regional  or  intermediate  systems  to  dominate  or  mix  with 
local  systems.  Boundaries  between  systems  are  located  at  the  highest  and 
lowest  elevations  of  local  hills  and  depressions  (Toth  1963).  Thus  the  stream 
channel  may  serve  as  a zone  of  convergence  between  different  groundwater 
systems.  Chemical  characteristics  of  the  groundwater  systems  are  different 
and  are  reflected  in  the  variability  of  chemical  parameters  found  within  the 
stream  or  along  the  banks. 

Hyporheic  areas  are  important  regulators  of  nutrient  inputs  to  streams.  The 
hyporheic  zooe,  as  a retention  or  storage  compartment,  provides  a medium 
for  biotic  processing  (Hynes  1983,  Bcncala  1984,  Grimm  and  Fisher  1984, 
Dahm  et  al.  1987,  Stanford  and  Ward  1988,  Triska  et  al.  1989a.  6).  Nutrient 
and  organic  fluxes  within  the  hyporheic  zone  axe  hypothesized  to  be  a func- 
tion of  the  direction  and  type  of  groundwater  or  surface  water  influence. 
rv»o»  to  the  channel,  groundwater  and  stream  water  mix  (Triska  et  al.  19896, 
Vervier  and  Naiman  1992).  Triska  et  al.  (19896)  found  that  within  3.5  me- 
ters of  the  channel,  at  least  809b  of  the  subsurface  water  was  stream  water. 

The  rate  of  exchange  between  the  subsurface  and  stream  ecosystems  var- 
ies with  the  dominant  hydraulic  process  (discharge  or  recharge).  Dominance 
of  groundwater  or  surface  water  depends  on  the  season  or  magnitude  and 
duration  of  storms  (Compana  and  Boone  1986.  Gilbert  et  al.  1990,  Vervier 
and  Naiman  1992).  As  surface  water  rises  in  the  channel,  groundwater  re- 
charge dominates  (Freeze  and  Cherry  1979,  Beaudry  et  al.  1990). 
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Hyporheic  Processes  in  Low-Order  Channels 

Spatial  connectivity  of  hyporheic  zones  in  the  steeper  bedrock-controlled 
channels  may  be  discontinuous  due  to  constrained  topography  (Figure  6.4). 
Hyporheic  zones  are  limited  to  small  floodplains,  meadows,  and  stretches 
of  stream  where  coarse  sediment  is  deposited  over  bedrock.  System  conti- 
nuity is  further  interrupted  by  mass  wasting  and  debris  dam  breaks  which 
gouge  channels. 

Local  hyporheic  systems  are  fed  by  subsurface  flow  from  hillsides.  Sub- 
surface flow  through  porous  soils  can  be  significant  from  forested  slopes 
(Sloan  and  Moore  1984)  where  root  channels,  decayed  root  holes,  worm 
boles,  piping,  and  animal  burrows  are  common  (Ski ash  and  Farvolden  1979, 
Higgins  1984,  Roberge  and  Plamondon  1987,  Beaudry  et  al.  1990). 

In  zones  of  bedrock  fracture,  mixing  between  local  and  regional  ground- 
water  systems  may  occur  (S.  Burgess,  Civil  Engineering,  University  of 
Washington,  pers.  comm.).  However,  in  the  subsurface  ecosystem,  local 
groundwater  dominates.  Dominance  affects  several  parameters,  ?rh  as  quality 
of  organic  matter,  water  chemistry,  and  faunal  distribution  (Triska  et  al. 
1989a,  b\  Gilbert  et  al.  1990).  Relatively  high  subsurface  velocities  on  hill- 
sides mean  less  soil  contact  time  and  mineralization  than  in  downstream 
areas  (Wolock  et  al.  1989). 

Hyporheic  Processes  in  Mid-Order  Channels 

As  valleys  broaden  to  a wider  alluvial  floodplain  with  less  topograhic  con- 
straints, the  spatial  connectivity  of  the  hyporheic  zone  becomes  more  con- 
tinuous (Figure  6.4).  Local  groundwater  systems  still  dominate  the  subsur- 
face ecosystem.  Depth  and  intensity  of  the  local  system  should  be  greatest 
in  this  zone  (Toth  1963).  As  the  floodplain  widens  and  topographic  relief 
decreases,  stagnation  of  the  local  system  promotes  mixing  of  intermediate 
and  regional  systems,  especially  during  drier  periods  when  hydraulic  gra- 
dients toward  the  stream  are  strongest  (Freeze  and  Cherry  1979).  - • 

As  surface  discharge  declines,  as  during  the  summer  drought  period,  the 
system  is  dominated  by  groundwater  discharge.  Exceptions  occur  during  storms 
(Vervier  and  Naiman  1992).  During  surface  low- water  periods  the  hyporheic 
zone  acts  as  a source  of  water,  nutrients,  and  energy  to  the  stream  (Wallis 
et  al.  1981,  Bencala  1984,  Naiman  et  al.  1987,  Ford  and  Naiman  1989, 
Triska  et  al.  1989a.  b ). 

Hyporehic  Processes  in  High-Order  Channels 

In  higher-order  streams,  with  wide  floodplains  and  unconstrained  valleys, 
the  spatial  extent  of  hyporheic  habitat  is  greater  than  upstream  (Figure  6.4). 
However,  discontinuities  in  spatial  connectivity  increase  as  the  influence  of 
local  groundwater  system  decreases.  For  example,  small  topographic  vari- 
ations created  by  fluvial  structures  such  as  scroll  bars,  cutoff  channels,  ox- 
bow lakes,  and  wetlands  create  discontinuities.  As  a result  of  local  system 
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lynamics  and  varying  topography  on  the  floodplain,  alternating  recharge  and 
Jischarge  areas  are  found  across  the  valley  (Toth  1963,  Winter  1987). 

Soil  and  substrate  permeability  in  the  floodplain  and  channel  is  variable 
due  to  erosional  and  depositional  fluvial  processes  and  deposition  of  till  dur- 
ing the  continental  glacial  period.  However,  duration  of  overbank  flows  and 
ponding  is  longer  in  higher-order  watersheds,  enhancing  opportunities  to 
transmit  organic  matter  and  nutrients  from  surface  water  to  die  hyporheic 
rone.  Subsurface  storage  and  retention  of  nutrients  increases  as  the  spatial 
extent  of  channel  features  (e.g.,  side  bars  and  channel  bars)  increases  (Ben- 
caia  1984). 

Functions  of  Hyporheic  Zones 

Hyporheic  zones  act  as  sensitive  indicators  of  ecological  health,  since  pro- 
cesses there  substantially  influence  energy  and  nutrient  resources  in  riparian 
forests  and  aquatic  surface  systems  (Wallis  et  al.  1981,  Hynes  1983,  Pe- 
terjohn  and  Cocrell  1984,  Lowrance  et  al.  1984,  Grimm  and  Fisher  1984, 
Stanford  and  Ward  1988,  Ford  and  Naiman  1989,  Triska  et  al.  1989a,  b: 
Gibert  et  al.  1990).  Hyporheic  zones  can  act  as  a sink,  storage,  or  source 
depending  on  spatial  location  and  season. 

Retention  of  nitrogen,  phosphorus,  and  organic  carbon  within  the  sub- 
surface zone  occurs  during  the  recharge  phase.  Low  hydraulic  gradients  and 
slower  velocities  enhance  biotic  activity  (Winter  1987,  Triska  et  al.  1989a. 
b).  However,  anaerobic  processes  such  as  denitrification  may  dominate  dur- 
ing this  phase  due  to  saturated  soil  conditions  (Hixson  et  al.  1990).  As  the 
recharge  phase  shifts  to  a discharge  phase,  aerobic  processes  such  as  nitri- 
fication become  dominant.  The  type  and  intensity  of  biochemical  processes 
will  influence  biodiversity  and  the  spatial  distribution  of  animals  using  hy- 
porheic habitat. 

Numerous  and  often  contradictory  hypotheses  exist  concerning  the  flux  of 
-irbon.  nitrogen,  and  phosphorus  from  subsurface  to  surface  waters.  For 
-xample,  Fisher  and  Likens  (1973)  reported  that  groundwater  diluted  organic 
carbon  in  stream  systems  in  New  Hampshire.  Hynes  (1983)  also  hypothe- 
sized that  hyporheic  zones  serve  as  a sink  for  organic  matter  in  Ontario.  Yet 
groundwater  has  been  found  to  be  a significant  source  of  carbon  and  nu- 
trients to  streams  (Hynes  1983,  Grimm  and  Fisher  1984,  Dahm  et  al.  1987, 
Naiman  et  al.  1987,  Ford  and  Naiman  1989).  Rutherford  and  Hynes  (1987) 
suggest  that  the  hyporheic  zone  is  too  heterogeneous  to  make  a source  or 
sink  conclusion.  The  results,  equivocal  to  date,  point  to  the  need  for  better 
information  about  an  inherently  complicated  system  that  is  of  fundamental 
importance  for  watershed  functions  (Pinay  et  al.  1990). 

Water  Quality 

Selection  of  Fundamental  Water  Quality  Elements 

Water  quality  is  a fundamental  component  of  watershed  health  because  it 
effectively  integrates  the  full  range  of  geomorphic.  hydrologic,  and  biologic 
processes  (Hem  1985).  Alterations  to  any  one  of  these  processes  will  affect 
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one  or  more  water  quality  parameters  (Frere  et  al.  1982.  Peterjohn  and  Cor- 
rell  1984).  Hence  changes  in  water  quality  indicate  a change  in  some  aspect 
of  the  terrestrial,  npanan.  or  in-channel  ecosystem.  Conversely,  water  qual- 
ity affects  the  aquatic,  riparian,  and  hyporheic  ecosystems  (Hynes  1966. 
1970;  Stanford  and  Ward  1988.  MacDonald  et  al.  1991).  These  interactions 
are  extremely  complex,  and  recognition  of  their  importance  does  not  sim- 
plify the  problem  of  associating  an  observed  change  in  water  quality  with 
a particular  cause.  In  ecologically  healthy  streams  there  is  considerable  spa- 
tial and  temporal  variability  in  water  quality  parameters  due  to  the  large 
number  of  controlling  factors  and  the  uneven  distribution  of  these  factors  in 
space  and  time  (Feller  and  Kimmins  1979.  Bencala  et  al.  1984.  Keller  et 
al.  1986). 

We  focus  on  just  five  of  many  water  quality  elements  related  to  ecolog- 
ically healthy  systems:  (1)  nitrogen  (particularly  nitrate -nitrogen).  (2)  phos- 
phorus (principally  phosphates).  (3)  turbidity.  (4)  temperature,  and  (5)  in- 
tragravel dissolved  oxygen.  Other  important  elements  related  to  the  ecological 
health  of  watersheds,  such  as  buffering  capacity  (pH  and  alkalinity),  organic 
nutrients  (forms  of  dissolved  organic  carbon),  and  potential  toxicants  (wastes, 
insecticides,  herbicides),  are  not  considered  here.  The  five  elements  chosen 
were  selected  after  discussions  with  water  quality  experts  and  a review  of 
the  results  of  a recent  project  sponsored  by  the  Environmental  Protection 
Agency  to  develop  guidelines  for  monitoring  the  effects  of  forestry  activities 
on  streams  in  the  Pacific  Northwest  and  Alaska  (MacDonald  et  al.  1991). 
Consideration  was  limited  to  the  physical  and  chemical  constituents  of  water 
even  though  channel,  riparian,  and  other  biological  characteristics  are  equallv 
important  for  maintaining  an  ecologically  healthy  system  (MacDonald  et  al 
1991).  The  intent  is  that,  taken  together,  these  five  elements  provide  an 
indication  of  the  basic  health  of  kxic  systems  in  the  Pacific  Northwest  coastal 
ecoregion. 

Role  and  Expected  Values 

Nitrogen  and  phosphorus  are  typically  limiting  nutrients  in  coastal  ecoregion 
streams  (Hem  1985).  The  mass  flux  of  N and  P is  a function  of  critical 
processes  such  as  the  efficiency  of  terrestrial  nutrient  cycles,  flow  and  trans- 
formations of  organic  matenal.  and  erosion  of  paniculate  matter  (Sollins  et 
al.  1980.  Harr  and  Fredriksen  1988.  Manin  and  Han  1989).  Use  of  both 
nitrogen  and  phosphorus  is  complementary  because  phosphorus  tends  to  be 
sorbed  and  transponed  in  paniculate  form,  while  nitrogen  usually  is  dis- 
solved and  transponed  by  subsurface  and  groundwater  flow  (Mohaupt  1986) 
In  the  absence  of  other  limiting  factors  such  as  light,  increased  concentra- 
tions of  plant-available  nitrogen  and  phosphorus  stimulate  primary  produc- 
tion (Gregory  et  al.  1987). 

The  range  of  conditions  found  from  southeastern  Alaska  to  nonhem  Cal- 
ifornia. and  from  the  coast  to  the  permanent  snow  zone,  make  it  difficult 


Elements  or  Ecologically  Healthy  Watersheds 


to  specify  expected  \aiues.  For  example,  mean  annual  nitraie-mtroeen  con- 
centrations in  undisturbed  headwater  streams  range  from  less  than  0.01  mg/ 
L (Harr  and  Fredriksen  1988.  Martin  and  Ham  1989)  to  1.2  mg/L  (Brown 
et  aJ.  1973).  Because  atmospheric  inputs  usually  are  larger  than  the  loss  of 
nitrogen  by  leaching,  there  is  a small  net  input  of  0. 1-2.6  kg  N ha'  ' yr'1 
in  undisturbed  forested  watersheds  west  of  the  Cascades  (Feller  and  Kim- 
mins  1979.  Martin  and  Harr  1989). 

Mean  annual  phosphorus  concentrations  in  small  forest  streams  typicallv 
are  less  than  0.06  mg/L  (Brown  et  al.  1973.  Feller  and  Kimmins  1979. 
Ham  and  Fredriksen  1988.  Martin  and  Ham  1989).  Annual  phosphorus  bud- 
gets for  four  forested  coastal  watersheds  range  from  a net  gam  of  0 1 kg 
ha'1  yr'1  to  a net  loss  of  0.3  kg  ha'1  yr'1  (Feller  and  Kimmins  1979). 

Turbidity  is  a measure  of  light  scattering  by  a water  sample.  In  most  cases, 
suspended  silt  and  clay  panicles  are  the  primary  cause  of  high  turbidities, 
although  colored  organic  compounds.  Finely  divided  organic  matter,  and  mi- 
croorganisms such  as  plankton  also  contribute  (APHA  1989).  Turbidity  is 
useful  as  an  easily  measured  indicator  of  suspended  sediment  concentrations 
(Kunkle  and  Comer  1971.  Aumen  et  al.  1989),  and  hence  a first  approxi- 
mation of  erosion  rates.  Suspended  sediment  has  wide-ranging  effects  on 
salmonids.  invertebrates,  and  other  aquatic  organisms  (Everest  et  al.  1987, 
Chapman  and  McLeod  1987). 

Expected  values  for  turbidity  are  difficult  to  specify  because  turbidity  is 
discharge  dependent  and  extremely  variable  throughout  the  region.  Hence 
turbidity  standards  usually  are  expressed  in  terms  of  an  allowable  increase 
over  background  (Harvey  1989).  The  absolute  values  necessary  to  protect 
designated  uses,  such  as  sight  feeding  by  salmonids.  are  <25  NTU  (EPA 
1986):  greater  values  generally  are  encountered  only  during  major  floods 
Aumen  et  al.  1989). 

Water  temperature  greatly  affects  rates  of  chemical  and  biological  pro- 
cesses. Although  absolute  stream  temperatures  are  largely  a function  of  the 
subsoil  environment  and  climatic  conditions  (Beschta  et  al.  1987),  stream 
temperature  is  a relatively  sensitive  indicator  of  riparian  conditions  (Brown 
and  Krygier  1970.  Harr  and  Fredriksen  1988).  As  noted  previously,  stream 
channel  morphology  also  affects  the  temperature  regime.  Temperature  is  largely 
a function  of  discharge  and  incoming  solar  radiation,  and  is  relatively  pre- 
dictable for  specific  locations. 

Intragravel  concentration  of  dissolved  oxygen  (DO)  is  critical  for  salmonid 
reproduction,  invertebrates,  and  other  aquatic  life.  Furthermore,  the  con- 
centration of  intragravel  DO  integrates  numerous  other  factors,  including 
temperature,  bed  material  panicle  size,  and  the  deposition  of  fine  sediment 
and  paniculate  organic  matter  (MacDonald  et  al.  1991).  In  undisturbed  al- 
luvial streams  the  concentration  of  intragravel  dissolved  oxygen  should  ap- 
proach saturated  values;  values  substantially  less  than  saturation  suggest 
blockage  of  interstitial  water  flow  (Chapman  and  McLeod  1987)  or  high 
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Table  6.2.  Relative  importance  of  f acton  coo  trolling  the  observed  values  of 
selected  water  quality  elements  in  coastal  ecorepon  streams. 


Water  Qualify  Dement 


Controlling  Factor 

Nitrogen 

ftiosphorus 

Turbidity 

Temper- 

lncragravel 

Dissolved 

Oxygen 

(limine  and 

atmospheric  inputs 
Geology  and  aoGs 
Stream  order 
Constrained  or 

High 

Moderate 

Moderate 

L am 
High 

Moderate 

Moderate 

High 

Moderate 

High 

Moderate 

High 

Low 

High 

Moderate 

channels 

Vegetanoo 

High 

High 

High 

Moderate 

High 

Moderate 

Moderate 

High 

Moderate 

Low 

oxygen  demand  from  the  breakdown  of  organic  materials  (Ringler  and  Hall 
1975,  Plamondoo  et  al.  1982). 

Little  data  are  available  for  intragravel  DO  values  for  ecologically  healthy 
watersheds.  Suggested  one-  and  seven-day  minimum  values  for  intragravel 
DO  are  5.0  and  6.5  mg  Oj/L,  respectively  (EPA  1986).  Idaho  is  considering 
an  intragravel  DO  standard  of  85%  of  the  saturated  value  (Harvey  1989), 
but  adoption  of  this  standard  has  been  slowed  by  uncertainty  over  intragravel 
DO  values  in  undisturbed  streams,  and  by  the  high  spatial  variability  of 
intragravel  DO  in  a stream  segment  or  even  within  a salmonid  redd  (Chap- 
man and  McLeod  1987). 

Taken  together,  these  five  fundamental  elements  are  one  indication  of  the 
suitability  of  streams  for  cold-water  fishes  and  provide  an  integrated  view 
of  watershed  health.  Other  parameters  could  be  supplemented,  but  these  five 
represent  a best  initial  indication  of  watershed  health  over  the  range  of  en- 
vironmental conditions  found  in  the  Pacific  Northwest  coastal  eco region. 

Controlling  Factors 

Expected  values  of  these  five  fundamental  elements  are  a function  of  mul- 
tiple controlling  factors,  and  each  element  has  a unique  response  to  the  set 
of  controlling  factors.  Table  6.2  qualitatively  summarizes  the  relative  im- 
portance of  five  factors— climatic  and  atmospheric  inputs,  geology  and  soils, 
stream  order,  valley  type  (constrained  versus  unconstrained  channels),  and 
vegetation — on  the  selected  water  quality  elements. 

The  first  controlling  factor — climatic  and  atmospheric  inputs — strongly 
affects  nearly  all  water  quality  elements.  In  the  Bull  Run  watershed  near 
Portland,  Oregon,  for  example,  precipitation  accounts  for  approximately  60% 
of  the  dissolved  ionic  load  in  surface  runoff  (Aumen  et  al.  1989).  Atmo- 
spheric nitrogen  inputs  generally  exceed  nitrogen  losses  (Feller  and  Kimrmns 
1979).  Solar  radiation  is  a dominant  variable  in  predicting  stream  temper- 


Elements  of  Ecologically  Healthy  Watersheds  155 


atures  (Beschta  et  al.  1987).  Turbidity  is  highly  responsive  to  the  size  and 
spacing  of  storm  events  (Brown  1983).  Climatic  and  atmospheric  inputs  also 
help  define  basic  processes  such  as  the  volume  and  timing  of  runoff,  weath- 
ering rates,  and  the  likelihood  of  mass  failures.  Thus  virtually  all  water  qual- 
ity parameters  are  affected  by  climatic  and  atmospheric  inputs  (Risser.  this 
volume),  but  nitrogen  and  water  temperature  generally  are  more  responsive 
than  phosphorus  or  intragravel  DO. 

Geology  and  soils  are  important  factors  in  determining  the  amount  and 
type  of  erosion,  hence  the  levels  of  turbidity,  phosphorus,  and  indirectly 
intragravel  DO  (Everest  et  al.  1987,  Chapman  and  McLeod  1987).  Nitrogen 
also  is  relatively  sensitive  to  geology  and  soils  because  losses  occur  pri- 
marily in  dissolved  form,  and  this  is  a function  of  soil  and  groundwater 
processes  (Feller  and  Kimmins  1979,  Sollins  et  al.  1980). 

Relatively  few  studies  have  related  values  of  these  fundamental  elements 
to  stream  order  in  undisturbed  watersheds.  In  general,  increasing  stream  or- 
der reduces  temporal  variability,  but  absolute  effects  are  uncertain.  In  in- 
terior Alaska  stream  order  has  no  effect  on  phosphorus  or  turbidity,  while 
nitrogen  shows  a slight  decrease  downstream  (Hilgert  and  Slaughter  1988). 
Changes  in  stream  temperature  are  more  predictable,  with  the  observed  tem- 
perature generally  increasing  downstream.  Intragravel  DO  should  decline 
with  increasing  stream  order  because  the  larger  volume  of  water  reduces  the 
reaeration  rate,  mean  water  temperatures  are  higher,  and  the  finer  bed  ma- 
terial associated  with  higher -order  streams  reduces  subsurface  permeability. 

Differences  in  water  quality  between  geomorphically  constrained  and  un- 
constrained channels  will  result  from  differences  in  subsurface  flow  paths, 
sides  lope  gradients  and  resultant  erosion  and  transport  rates,  and  width  of 
i pari  an  and  hyporheic  zones.  Turbidity  is  most  likely  to  be  sensitive  to 
/alley  form,  with  lesser  or  indirect  effects  on  other  water  quality  elements. 

Vegetation  is  the  final  controlling  factor.  Healthy  watersheds  in  the  Pa- 
ific  coastal  ecoregion  generally  have  a dense  forest  cover,  and  this  helps 
ceep  water  temperatures  and  sediment  loads  in  the  range  suitable  for  sal- 
nonids.  In  addition,  both  density  and  vegetation  type  affect  nitrogen  fixation 
nd  uptake  (Sollins  et  al.  1980). 

Since  all  five  fundamental  dements  respond  directly  or  indirectly  to  the 
ame  basic  driving  forces  of  runoff,  erosion,  and  weathering,  there  are  sig- 
ificant  interactions  among  these  elements.  The  use  of  several  water  quality 
lements  is  necessary  to  assess  the  specific  condition  (health)  of  the  drainage 
etworic,  and  to  fully  evaluate  the  effects  of  natural  and  anthropogenic  changes. 

'iparian  Forest  Characteristics 

he  natural  characteristics  and  ecological  health  of  streams  and  rivers  are 
.timately  linked  to  the  surrounding  landscape  by  the  biotic  and  physiochem- 
al  properties  of  the  riparian  zone.  The  n pan  an  zone  extends  from  the  edge 

the  average  high  water  mark  of  the  wetted  channel  toward  the  uplands 
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(Figure  6.11).  This  zone  includes  terrestrial  areas  where  vegetation  and  mi- 
croclimate are  influenced  by  perennial  or  intermittent  water  associated  with 
high  water  tables,  and  by  the  ability  of  soils  to  hold  water.  Beyond  this  is 
the  riparian  zone  of  influence."  a transition  area  between  the  riparian  zone 
and  the  upland  forest  where  vegetation  still  influences  the  stream  under  some 
conditions  (Gregory  et  al.  1991). 

In  ecologically  healthy  watersheds,  riparian  forest  characteristics  are  strongly 
controlled  by  climate  (e  g.,  hydrologic  regime),  channel  geomorphology, 
and  the  spatial  position  of  the  channel  in  the  drainage  network.  Historically, 
n pan  an  forests  formed  a continuous  ribbon  of  vegetation  along  stream  chan- 
nels. Upon  closer  examination,  this  vegetative  ribbon  was  a mosaic  of  dif- 
ferent stand  ages  and  species  from  the  headwaters  to  the  sea  (Maser  et  al. 
1988).  Ripanan  forests  once  covered  large  areas,  especially  in  the  alluvial 
lowlands  (Sedell  et  al.  1988). 

The  width  of  the  npanan  zone,  and  the  extent  of  the  forest’s  influence 
on  the  stream,  are  strongly  related  to  stream  size  and  valley  morphology. 
Small  streams  possess  relatively  little  ripanan  vegetation:  they  are  more  in- 
fluenced by  vegetation  in  the  upland  forest  (zone  of  influence)  (Figure  6.11). 
Mid-order  streams  and  rivers  (third  to  fifth  order)  typically  have  a distinct 
band  of  npanan  vegetation,  whose  width  is  defined  by  long-term  (>50  yr) 
channel  dynamics  and  the  annual  discharge  regime.  Large  rivers  are  char- 
actenzed  by  well-developed,  complex  floodplains  with  lone  penods  of  sea- 
sonal flooding,  oxbow  lakes  in  old  nver  channels,  a diverse  forest  com- 
munity, and  moist  soils.  Ecologically  healthy  watersheds  require  the  influence 
of  npanan  forests  on  streams,  especially  in  relation  to  controlling  the  light 
and  temperature  regimes,  providing  nounshment  for  the  stream  biota,  and 
being  a source  of  large  woody  debns  (Table  6.3). 

Light  and  Temperature 

The  amount  and  quality  of  light  reaching  streams  are  determined  by  forest 
vegetation  height,  forest  canopy  density,  stream  channel  width,  and  channel 
onentation  in  relation  to  the  sun’s  path  in  the  sky  Light  is  important  for 
streams  because  of  its  influence  on  water  temperature,  on  primary  produc- 
tion by  aquatic  plants,  and  on  the  behavior  of  organisms. 

Seasonal  and  daily  water  temperatures  are  strongly  influenced  bv  the  amount 
of  solar  radiation  reaching  the  stream  surface  through  the  forest  canopy  (Bes- 
chta  et  al.  1987).  The  temperature  of  water  entering  a small  stream  typicallv 
reflects  that  of  the  forest  s subsoil  environment,  but  changes  as  water  flows 
downstream.  Water  temperature  is  an  important  factor  for  environmental 
vitality  because  of  its  controlling  influence  on  the  metabolism,  development, 
and  activity  of  stream  organisms. 

Small  forested  streams  typically  receive  I to  3%  of  total  available  solar 
radiation  (Naiman  and  Sedell  1980.  Naiman  1983.  1990)  Small  streams 
have  relatively  cool  but  stable  daily  temperatures,  low  rates  of  primary  pro- 
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Community  type 


LRE  6.11.  The  natural  characteristics  of  the  npanan  zone  change  with  stream 
e In  low-  and  mid-order  streams  the  links  between  the  npanan  forest  and  the 
am  are  strong  In  large  nsers  the  links  are  not  as  strong  in  the  main  channel  but 
v do  remain  strong  in  the  secondary  channels  Key:  (1)  active  channel.  (2)  n- 
lan  zone.  (3)  zone  of  influence.  (4)  uplands.  Note  that  (2)  and  (3)  make  up  the 
npleie  npanan  zone  of  influence. 
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Table  6.3.  Functions  of  n pan  an  vegetation  with 

respect  to  aquatic  ecosystems. 

Sites 

Components 

Pancoons  * 

Aboveground /above 
channel 

Canopy  and  stems 

Shade  c octrois  leropcmurc  ^ 
i phmmy  producboo 
Source  of  large  and  fine  plant 
detritus 

In  channel 

Large  debris  derived  bom 
riparian  vegeuixn 

Wildlife 

Controls  routing  of  water  and 
sediment 

Shapes  habitat:  pools,  riffles. 

cover 

Stream  banks 

Roots 

Substrate  for  I activity 

Increases  bank  stability 

Floodplain 

Stems  and  low-lying 

Creates  overhanging  banks,  cover 
Nutrient  uptake  from  ground 
stream  waaer 

Retards  movement  of  "Hjiw* 

canopy 

*ater.  and  Armed  organic 
debris  during  floods 

Source:  Swanson  et  al.  (1982).  p.  269. 


duction.  and  organisms  that  are  behavioraUy  adapted  to  reduced  light  and 
cool  temperatures  (Naiman  and  Sedell  1980).  In  mid-order  streams  and  riv- 
en. gaps  appear  in  the  riparian  forest  canopy.  These  gaps  allow  10  to  25% 
of  the  total  available  solar  radiation  to  reach  the  stream  surface.  Daily  vari- 
ations of  ~2-6°C  and  seasonal  variations  of  5-20*C  in  water  temperature 
may  occur,  primary  production  by  attached  algae  and  diatoms  increases, 
distinct  day-night  differences  exist  in  species-specific  behavior  to  light  lev- 
els, and  the  biota  are  metabolicaUy  adapted  to  slightly  wanner  temperatures. 
In  Larger  rivers,  most  available  solar  radiation  reaches  the  water  surface  of 
the  main  channel  through  wide  gaps  in  the  forest  canopy.  However  in  con- 
trast to  reaches  upstream,  the  main  channel  of  large  riven  tends  to  be  deeper 
or  more  turbid,  restricting  light  penetration  through  the  water.  Daily  vari- 
ations in  temperature  are  not  as  large  as  in  mid-order  streams,  and  depending 
on  water  depth,  primary  production  may  be  less.  In  addition,  primary  pro- 
duction is  augmented  by  phytoplankton  suspended  in  the  water  column  and 
vascular  plants  rooted  near  the  shore.  Finally,  most  organisms  are  adapted 
for  Life  in  waters  that  are  dark,  or  with  reduced  visibilities. 

As  water  flows  downstream,  temperarure  changes  in  response  to  factors 
involved  in  the  heat  balance  of  water,  all  of  which  are  strongly  influenced 
by  the  riparian  forest.  The  net  rate  of  gain  or  loss  of  temperature  is  the 
algebraic  sum  of  net  solar  radiation,  evaporation,  convection,  conduction, 
and  advection.  Net  radiation  is  generally  dominated  by  the  amount  of  direct- 
beam  solar  radiation  reaching  a stream's  surface.  Heat  gain  or  loss  from 
evaporation  and  convection  depends  on  the  vapor  pressure  and  the  temper- 
ature gradient  at  the  water  surface  and  the  air  immediately  above  the  surface. 
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respectively.  Wind  speed  at  the  air-water  interface  is  also  an  important  con- 
trolling variable.  Conduction  of  heat  between  water  in  the  stream  and  the 
channel  substrate  depends  on  the  type  of  material  making  up  the  substrate. 
Bedrock  channels  are  more  efficient  than  gravel-bed  channels  at  conducting 
heat.  Heal  exchange  by  advecdon  occurs  when  tributaries  or  groundwater 
of  different  temperatures  mix  with  the  main  streamflow,  thereby  either  In- 
creasing or  decreasing  the  main  stream  temperature. 

The  influence  of  shading  by  the  n pan  an  forest  on  the  beat  balance  of  a 
small  stream  can  be  enormous  because  net  solar  radiation,  evaporation,  con- 
vection. conduction,  and  advecdon  remain  relatively  small  over  a 24-hour 
period,  even  in  midsummer,  relative  to  groundwater  temperature.  Should 
the  forest  canopy  be  opened  by  a disturbance,  the  net  heat  exchange  can  be 
significantly  altered.  For  example,  during  winter,  streams  without  riparian 
canopies  may  experience  lower  temperatures  because  the  lack  of  cover  en- 
hances energy  losses  by  evaporation,  convection,  or  long  wave  radiation. 
Long- wave  radiation  losses  are  greatest  when  clear  skies  prevail,  particularly 
at  night,  resulting  in  the  formation  of  surface  and  anchor  ice.  During  sum- 
mer. the  lack  of  a forest  canopy  cover  results  in  large  (3-lO°C)  diel  vari- 
ations in  temperature  as  the  amount  of  direct  solar  radiation  increases  (Bes- 
chta  et  al.  1987). 

Instantaneous  temperatures  and  cumulative  temperatures  (e.g. , degree-days 
I per  unit  of  time)  have  a significant  influence  on  biotic  characteristics.  In- 
stantaneous temperature  significantly  affects  water  viscosity,  and  therefore 
the  amount  of  energy  required  to  swim.  It  influences  an  organism’s  metab- 
olism. dictating  the  amount  of  food  required  for  daily  activities  and  repro- 
ductive products.  Further,  species  preferences  for  temperature  influence  the 
ability  of  an  organism  to  successfully  compete  for  resources,  and  thereby 
influencing  community  composition  and  abundance.  Fish  and  invertebrates 
have  specific  requirements  for  the  number  of  degree-days  needed  for  egg 
development  and  for  the  timing  of  reproduction  and  emergence,  thereby  re- 
ducing competition  for  food  and  reproduction  sites  by  subtle  differences  in 
phenology  or  life  history  strategies  (Sweeney  and  Vannote  1978). 


Sources  of  Nourishment 

Annually,  riparian  forests  add  large  amounts  of  leaves,  cones,  wood,  and 
dissolved  nutrients  to  low-  and  mid-order  streams  (Gregory  et  al.  1991). 
These  organic  inputs  originate  as  particles  falling  directly  from  the  forest 
into  the  stream  channel  (or  moving  downslope  along  the  forest  floor  by  wind 
and  water  driven  erosion)  and  as  dissolved  materials  in  subsurface  water 
flowing  from  the  byporheic  zone. 

The  nparian  forest  is  an  important  regulator  of  stream  productivity  through 
the  amounts  and  qualities  of  material  directly  contributed  to  the  stream.  Small 
itreams  directly  receive  300—600  g C/m2  annually  from  the  forest,  with  the 
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rate  per  unit  area  decreasing  as  channel  width  (and  the  gap  in  the  forest 
canopy)  increases  (Conners  and  Naiman  1984).  In  deciduous  npanan  forests 
>80^-  of  these  inputs  may  be  leaves  that  are  delivered  over  a su-to-eight 
week  autumn  penod.  In  coniferous  npanan  forests  ~-40-50<jfe  of  the  matenal 
may  be  cones  or  wood.  The  chemicaJ  quality  of  the  matenal  (i.e. . nitrogen 
and  lignin  content)  strongly  influences  the  rate  of  decay  and  subsequent  trophic 
pathways  (Melillo  et  al.  1983,  1984).  The  complete  decay  process  takes 
about  one  year  for  most  high  quality  matenaJs  such  as  leaves  and  herbaceous 
plants  and  may  take  several  years  or  decades  for  low  quality  materials  such 
as  cones  and  wood  (Gregory  et  al.  1991). 

Subsurface  water  moving  from  the  uplands  to  the  stream  also  cames  laree 
quantities  of  dissolved  organic  matter  and  nutrients  essential  for  stream  func- 
tion. The  npanan  forests  chemically  alter  these  matenals  as  the  subsurface 
water  flows  pass  their  root  systems.  Ripanan  forests  take  up  nutnents  for 
growth,  promote  denitnfication  by  subtle  changes  in  the  position  of  oxjc- 
anoxic  zones,  and  modify  the  chemical  composition  and  availability  of  car- 
bon and  phosphorus  (Pinay  et  al.  1990).  Exact  mechanisms  regulating  these 
processes  are  not  well  understood  (Triska  et  al.  1989a.  b).  Yet  the  presence 
of  ripanan  forests  significantly  regulates  the  amount  of  nitrogen  and  phos- 
phorus reaching  streams  from  upland  areas  (Kan  and  Schlosser  1978.  Schlosser 
and  Karr  1981a,  b\  Peteqohn  and  Cornell  1984). 

Large  Woody  Debns 

Large  woody  debris  (LWD)  is  the  principal  factor  determining  the  charac- 
tenstics  of  aquatic  habitats  in  low-  and  nud-ordcr  forested  streams.  The  amount 
of  LWD  in  streams  can  be  substantial,  ranging  from  >40  kg/m:  in  small 
streams  to  1-5  kg/m'  in  large  rivers  (Harmon  et  al.  1986).  The  importance 
of  LWD  relates  to  its  ability  to  control  the  routing  of  sediment  and  water, 
to  shape  the  formation  and  distribution  of  pools,  riffles,  and  cover,  and  to 
act  as  a substrate  for  biological  activity  (Swanson  et  al.  1982.  Table  6.3). 

Wood  boles  (>  10  cm  diameter)  enter  streams  of  ail  sizes  from  the  riparian 
forest.  However,  the  spatial  distribution  of  LWD  vanes  systematically  from 
small  streams  to  large  rivers,  reflecting,  in  part,  the  balance  between  stream 
size  and  wood  size  (Bilby  1981).  Wood  in  small  streams  is  large  relative  to 
channel  dimensions  and  to  peak  stream  flow.  Thus  LWD  cannot  be  easily 
floated  and  redistributed,  and  consequently  is  randomly  distnbuted  and  often 
located  where  it  initially  fell.  But  these  small  channels  are  often  in  the  stee- 
pest part  of  the  drainage  network,  and  are  most  prone  to  catastrophic  flush- 
ing by  extreme  landslide/dam-break  floods  (Benda  1990).  Mid-order  streams 
are  large  enough  to  redistribute  LWD  but  narrow  enough  that  LWD  accu- 
mulations across  the  entire  channel  are  common.  LWD  tends  to  be  concen- 
trated in  distinct  accumulations  spaced  several  channel  widths  apart  along 
the  stream.  In  large  rivers.  LWD  is  commonly  collected  in  scanered.  distinct 
accumulations  at  high  water  and  particularly  on  the  upstream  ends  of  islands 
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and  at  bends  in  the  river  iLienkaemper  and  Swanson  1987.  Pons  and  An- 
derson 1990).  Natural  anchors  such  as  root  wads,  large  limbs,  or  lodging 
of  LWD  between  other  obstructions  improve  debris  retention  and  are  im- 
portant considerations  for  environmental  health  of  the  system. 

LWD  in  streams  influences  channel  morphology  as  well  as  sediment  and 
water  routing.  In  small  streams  LWD  creates  a stair-stepped  gradient  where 
the  streambed  becomes  a senes  of  long,  low  gradient  sections  separated  by 
relatively  short,  steep  falls  or  cascades  (Grant  et  al.  1990).  Therefore,  much 
of  the  streambed  may  have  a gradient  less  than  the  overall  gradient  of  the 
valley  bottom,  because  much  of  the  decrease  in  altitude,  and  in  potential 
energy,  takes  place  in  the  short,  steep  reaches.  This  pattern  of  energy  dis- 
sipation in  short  stream  reaches  results  in  less  erosion  to  bed  and  banks 
more  sediment  storage  in  the  channel,  slower  downstream  movement  of  or- 
ganic detritus,  and  greater  habitat  diversity  than  in  straight,  even-gradient 
channels  (Bisson  et  al.  1987). 

Comparison  of  volumes  of  stored  sediment  and  annual  sediment  export 
suggests  that  small  forested  streams  with  natural  amounts  of  LWD  annually 
export  often  <10%  of  sediment  stored  in  the  channel  system  (Swanson  et 
al.  1982).  LWD  makes  up  -40%  of  the  obstructions  that  trap  sediment  in 
forested  streams  (Bilby  and  Ward  1989).  Unfilled  storage  capacity  serves  to 
buffer  potential  sedimentation  impacts  on  downstream  areas  when  pulses  of 
sediment  from  the  uplands  enter  stream  channels.  Scattered  LWD  in  chan- 
nels reduces  the  rate  of  sediment  movement  downstream,  routine  sediment 
through  the  stream  ecosystem  slowly,  except  in  cases  of  catastrophic  flush- 
ing events  or  when  the  storage  capacity  is  filled. 

By  redirecting  water  flow.  LWD  has  both  positive  and  negative  effects 
,,n  bank  slabll|ty-  on  the  lateral  geomorphic  mobilitv  of  channels,  and  on 
the  stability  of  aquatic  habitats  (Keller  and  Swanson  1979).  LWD-related 
bank  stability  problems  in  steefKsided.  bedrock-controlled  streams  result  from 
undercutting  of  the  soil  mantle  on  hillslopes  by  debris  torrents.  Undercut 
slopes  are  subject  to  progressive  failure  by  surface  erosion  and  small-scale 
• < 1 .000  m ) mass  erosion  over  a period  of  yean.  Both  bank  instability  and 
lateral  channel  migration  may  be  facilitated  by  LWD  accumulations  in  chan- 
nels with  abundant  alluvium  and  minimal  bedrock  influence.  Changes  in 
channel  conditions  and  position  often  occur  as  a stream  bypasses  a LWD 
accumulation  and  cuts  a new  channel.  Where  channels  pass  through  massive 
debris  accumulations,  streamflow  may  become  subsurface  much  of  the  year. 

In  areas  of  active  eanhflows  from  the  forest,  lateral  stream  cutting  may  un- 
dermine banks,  encouraging  further  hillslope  failure  and  accelerated  sedi- 
ment supply  to  the  channel.  On  balance,  however.  LWD  generally  stabilizes 
srT*all  streams  by  dissipating  energy  and  by  protecting  streambanks. 

As  a result  of  these  mechanisms.  LWD  helps  regulate  the  distribution  and 
temporal  stability  of  fast-water  erosional  areas  and  slow-water  depositional 
sites.  LWD  and  riparian  vegetation  provide  cover  and  nourishment  for  all 
stream  organisms,  serving  as  habitat  or  substrate  for  substantial  biological 
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activity  bv  microorganisms.  invertebrates,  and  other  aquatic  organisms  (Gre- 
gory et  al.  1991.  Naiman  1990)  Filter  feeding  invertebrates,  algae,  and 
diatoms  attach  in  large  numbers  to  LWD.  significantly  influencing  nutrient 
cycling  and.  consequently,  downstream  water  quality.  LWD  accumulations 
on  the  streambanks  provide  habitat  for  small  mammals  and  birds  that  feed 
on  stream  biota  (Doyle  1985).  An  alteration  to  the  supply  rate  or  the  size 
of  LWD  from  the  n pan  an  forest  has  consequences  that  may  take  tens  to 
hundreds  of  years  for  natural  processes  to  correct. 

Habitat  Characteristics 

In  ecologically  healthy  watersheds,  interactions  between  channel  geomor- 
phoiogy.  hydrologic  pattern,  spatial  position  of  the  channel,  and  npanan 
forest  characteristics  produce  habitat  for  terrestrial  and  aquatic  organisms. 
Fundamental  habitat  features  influencing  animal  population  dynamics,  pro- 
ductivity. biodiversity,  and  evolutionary  processes  are  related  to  riparian  for- 
est dynamics,  spatial  and  temporal  variability  of  the  habitat,  and  mainte- 
nance of  migratory  connectivity.  In  our  discussion  we  offer  six  examples: 
salmon  id  habitat  preferences,  fish  community  habitat  requirements,  wa- 
tershed-scale patterns  in  habitat,  influence  of  LWD  on  habitat  development, 
the  potential  role  of  woody  debris  piles  to  act  as  nodes  of  ecological  or- 
ganization in  fluvial  corridors,  and  habitat  alterations  by  wildlife  commu- 
nities. We  then  discuss  an  example  of  food  web  dynamics  shifting  in  re- 
sponse to  changing  habitat.  In  combination,  these  examples  have  broad 
implications  for  ecosystem  health. 

Salmonid  Habitat  Preferences 

Each  salmonid  species  indigenous  to  the  coastal  ecoreeion  emplovs  a dif- 
ferent life  history  strategy  (Everest  1987).  and  consequently  utilizes  a dif- 
ferent suite  of  habitats  (B.sson  et  al.  1982).  These  differing  life  history  strat- 
egies allow  salmomds  to  fully  utilize  available  habitats  in  a single  watershed 
by  segregating  habitats  spatially  and  temporally.  It  is  well  known  that  healths 
salmonid  populations  respond  to  characteristics  and  location  of  spawning 
areas,  posiemergent  rearing  areas,  summer  (low  water)  reanne  areas,  winter 
rearing  areas,  and  estuanne  conditions  at  smoking.  For  example,  rearing 
habitats  in  small  streams  are  used  differently  by  juvenile  steelhead  (Oncor- 
hynchus  myktss ) and  coho  salmon  < O kisutch).  During  the  summer  rearing 
period,  coho  tend  to  occupy  pools,  whereas  steelhead  prefer  nffles  and  glides 
(Bisson  et  al.  1988).  but  during  winter  coho  move  to  wall-base  channels 
(Peterson  and  Reid  1984)  and  steelhead  occupy  terrace  tributaries  (Scarieti 
and  Cedertiolm  1984).  Furthermore,  spawning  areas  and  timing  of  spawning 
may  nearly  overlap  among  species  such  as  pink  salmon  (O . gorbuscha ). 
chum  salmon  (O  keia).  and  coho  salmon  However,  because  pink  salmon 
and  chum  salmon  migrate  to  sea  soon  after  emereence.  there  .s  no  com- 
petition among  juveniles  of  these  species  while  in  streams 
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Figure  6.12.  Juvenile  fish  habitat  preferences  in  two  western  Washington  streams 
with  different  proportions  of  pool  and  riffle  areas  <P  A.  Bisson,  unpublished  data). 

In  stream  reaches  (defined  as  a section  of  channel  >10  m in  length), 
habitat  preferences  influence  which  portions  of  streams  are  dominated  by 
juveniles  of  different  species  during  summer  (Figure  6. 12).  However,  these 
influences  are  also  affected  by  the  availability  of  suitable  spawning  gravels 
for  each  species,  and  by  other  habitat  factors,  such  as  cover.  Though  the 
habitat  reqifltements  of  juvenile  coho  salmon,  steelhead  trout,  and  cutthroat 
trout  t<9.  clerki)  have  been  extensively  studied,  species  occupying  the  larger 
rivers,  floodplains,  and  estuaries  during  the  juvenile  life  history  stages  (e.g.. 
chinook  [ O rshawyischa],  chum,  and  pink  salmon)  are  not  well  known. 
However,  t is  clear  that  healthy  salmonid  populations  utilize  habitats 
throughout  *e  drainage  network  during  different  stages  of  their  life  cycles, 
suggesting  ttot  connectivity  between  habitats  is  of  fundamental  importance. 

Fish  Commnuty  Habitat  Requirements 

Compared  with  forested  ecosystems  in  eastern  North  America,  fish  species 
iiversitv  indie  coastal  ecoregion  is  low.  This  results  from  zoogeographic 
arriers  (MtPhail  1967.  Reimers  and  Bond  1967).  the  geologically  short 
me  intervd  since  the  last  glacial  period,  and  an  unpredictable  and  often 
vere  man  one  climate  (Moyle  and  Herbold  1987).  What  the  coastal  ecore- 
on  stream  lack  in  species  nchness.  however,  is  partly  offset  by  a re- 
adable differentiation  among  locally  adapted  stocks.  For  example.  Nehl- 
sen  et  al.  (1991)  have  identified  a large  number  of  distinctive  stocks  of 
salmomds  wahin  California.  Oregon.  Idaho,  and  Washington.  214  of  which 
art  considered  to  be  currently  at  risk  of  extinction.  Fish  assemblages  in  coastal 
ms  are  tterefore  characterized  by  relatively  few.  but  highly  adapted  and 
■-  netinlly  unique,  native  species. 
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Log  boulders  arj  LWD  (Bisson  et  al.  1987,  Moore  and  Gregory  1988c). 
The  complexity  of  channel  margins  can  be  an  important  factor  influencing 
early  rearing  (Moore  and  Gregory  19886);  therefore,  ecologically  healthy 
streams  possess  complex  margins  that  include  backwaters,  secondary  chan, 
nets,  fallen  trees,  boulders,  and  other  features  that  create  areas  of  slowly 
moving  water.  Undercut  stream  banks  with  the  root  systems  of  riparian  trees 
also  provide  excellent  habitat  for  fry,  as  well  as  protection  from  terrestrial 
predators.  Interactions  between  stream  channels  and  riparian  vegetation  be- 
come critical  to  the  maintenance  of  habitat  for  fry. 

As  fish  grow  larger  they  become  better  able  to  maintain  feeding  stations 
in  swifter  currents  and  more  adept  at  avoiding  predators.  Preferred  habitat 
often  shifts  from  stream  and  river  margins  to  deeper  water,  where  the  avail- 
ability of  drifting  aquatic  invertebrates  may  be  greater  (Chapman  and  Bjomn 
1969).  Some  larger  salmonids  and  cyprinids  move  from  tributaries  into  the 
river  mainstem  with  the  onset  of  summer.  In  most  cases  such  movements 
are  rimed  to  take  advantage  of  seasonally  abundant  food.  However,  in  cer- 
tain instances  summer  movements  are  dictated  by  the  thermal  regime,  with 
cold-adapted  species  seeking  out  groundwater  seeps  and  congregating  around 
the  mouths  of  cooler  tributaries  or  at  the  bottom  of  thermally  stratified  pools 
(Berman  1990).  Beschta  et  al.  (1987)  point  out  that  many  fish  stocks  are 
adapted  to  local  temperature  regimes  and  that  significant  alteration  of  these 
regimes  can  lead  to  disruption  of  important  life  cycle  events,  such  as  the 
timing  of  migrations. 

Segments  of  streams  and  rivers  that  provide  productive  rearing  environ- 
ments in  summer  may  not  be  optimal  winter  rearing  sites.  Periods  of  high 
discharge  and  low  food  availability  force  some  fishes  to  seek  overwintering 
locations  away  from  headwater  streams  and  adjacent  to,  but  not  in,  river 
mains  terns  (Peterson  1982c,  Tschapl  inski  and  Hartman  1983).  Quite  often 
these  areas  are  located  in  seasonally  flooded  wetlands,  beaver  poods,  and 
spring-fed  tributaries  at  the  base  of  steep  valley  walls  (Skeesick  1970,  Ced- 
erboLm  and  Reid  1987,  Brown  and  Hartman  1988).  Almost  invariably  they 
are  characterized  by  pondlike  conditions  having  relatively  stable  discharge 
and  low  current  velocities.  Although  such  sites  serve  as  important  refugia 
from  high  flows  and  heavy  sediment  loads,  certain  types  of  invertebrates 
can  be  abundant  in  them  and  winter  growth  rates  of  fish  in  off-channel  ponds 
and  swamps  can  be  considerably  greater  than  those  overwintering  in  the 
mainstem  (Peterson  19826,  Brown  and  Hartman  1988).  Some  species  that 
do  not  emigrate  from  headwater  streams  or  main  channel  habitats  to  sea- 
sonally flooded  wetlands  and  spring-fed  tributaries  along  the  valley  floor 
imtraH  make  use  of  the  protection  afforded  by  woody  debris  accumulations 
along  the  channel  margin  (Bustard  and  Narver  1975).  Perhaps  at  no  other 
time  of  the  year  are  riparian  vegetation  and  floodplain  interactions  more 
important  to  the  maintenance  of  productive  rearing  habitat  in  watersheds 
than  during  winter. 
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Watershed-Scale  Patterns  in  Habitat 

Spaual  patterns  of  physical  habitat  expressed  at  the  scale  of  large  watersheds 
(>100  km:)  in  the  coastal  eco region  are  largely  controlled  by  regional  ge- 
ology and  geomorphology.  The  bedrock  geology  is  the  result  of  millions  of 
years  of  lithologic  and  tectonic  processes,  whereas  the  georoorphology  of 
individual  watersheds  has  been  heavily  influenced  by  glaciation  for  at  least 
20.000  years.  These  factors  combine  to  create  unique  spatial  patterns  of 
salmonid  habitats  for  individual  watersheds.  For  example,  in  the  recently 
deglaciated  South  Fork  of  the  Stillaguamish  River,  Washington,  low  gra- 
dient (<2%),  pool-dorr  mated  habitats  tend  to  be  located  on  a 1,700  year 
old  terrace  adjacent  to  the  main  river,  whereas  riffle -dominated  streams  tend 
to  occupy  slightly  higher-gradient  streams  (2-4%)  incised  into  the  older  ter- 
races (Benda  et  al.  1992,  Beechie  and  Sibley  1990).  Both  types  of  stream 
channels  are  downcutting  into  glacial-age  clay  and  outwash  sand  deposits, 
whereas  bedrock  channels  in  this  valley  are  steeper  and  provide  little  habitat 
for  anadromous  sal  mom  ds. 

Along  a longitudinal  gradient  from  the  headwaters  to  the  mouths  of  major 
river  systems,  fish  communities  are  correlated  with  stream  order  and  stream 
gradient  (Platts  1974).  Valley- wall  or  headwater  streams,  usually  first-  and 
second -order  tributaries,  are  not  accessible  to  anadromous  salmonids  and 
may  be  dominated  by  resident  cutthroat  trout  and  rainbow  trouL  When  fish 
are  absent,  these  tributaries  remain  an  important  part  of  the  stream  system, 
since  they  transport  allochthonous  nutrients  such  as  leaf  litter,  sediments 
from  the  hilislope.  and  LWD  to  higher-order  tributaries. 

In  moderate-gradient  (2-5%)  third-  to  fifth-order  streams,  anadromous 
salmonids  tend  to  dominate  when  there  are  no  barriers  to  upstream  migra- 
tion. Steelhead  and  cutthroat  trout  occupy  the  steepest  streams  in  this  range, 
whereas  coho  salmon  tend  to  utilize  all  accessible,  low-gradient  tributaries. 
Small  tributaries  with  gradients  less  than  2%  are  usually  utilized  by  coho 
salmon  during  the  spawning  and  summer  rearing  stages . Steelhead  and  cut- 
throat trout  of  several  age  classes  may  coexist  with  juvenile  coho  salmon 
when  the  habitat  is  diverse. 

Chinook  salmon  tend  to  utilize  larger  tributaries  and  main  rivers  that  are 
used  little  by  steelhead  and  coho  salmon.  Chinook  spawning  preferences  are 
for  larger  gravels  than  most  other  salmonid  species,  allowing  them  to  avoid 
competition  for  spawning  space.  Chinook  juveniles  rear  in  deeper  and  faster 
water  than  either  coho  or  steelhead.  alleviating  some  of  the  competition  for 
rearing  space  and  food  resources. 

Influence  of  Woody  Debris  on  Habitat  Development 

Large  woody  debris  is  an  important  part  of  salmonid  habitats  in  streams, 
both  as  a structural  element  (Grette  1985,  Bilby  1985.  Sedell  et  al.  1988) 
and  as  cover  or  refugia  from  high  flows  (Bisson  et  al.  1982,  Murphy  et  al. 
1985).  Furthermore.  LWD  lends  to  reinforce  meanders  (Mason  and  Koon 
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Table  6.4.  Longitudinal  patterns  in  channel  roughness,  effectiveness  of  LWD  in 
controlling  channel  morphology,  and  habitat  complexity  in  an  ecologically  healthy 
watershed.  


Stream 

Order 

Channel 

Roughness 

Effect  of 
LWD 

Habitat 

Complexity 

1 

Very  high 

Very  high 

Moderate 

3 

High 

Very  high 

High 

5 

Moderate 

High 

Very  high 

7 

Low 

Low  to  moderate 

Moderate 

9 

Low 

Low  to  moderate 

Moderate 

1985)  and  trap  sediment  (Bilby  1979)  and  smaller  organic  debris  (Naiman 
and  Sedell  1979a.  Hannon  et  al.  1986)  in  stream  channels.  Historically, 
woody  debris  piles  covered  enormous  areas  of  small  streams  and  large  riv- 
en. For  example,  a driftwood  jam  on  the  Skagit  River.  Washington,  was 
reported  to  have  been  1.2  km  long  and  0.4  km  wide  fSedell  et  al.  1988). 
Current  estimates  of  woody  debns  biomass  and  volume  in  aquatic  ecosys- 
tems are  extremely  variable.  Biomass  reports  range  from  18  Mg/ha  to  550 
Mg/ha  and  volumes  from  45  m’/ha  to  1,400  m’/ha  (Hannon  et  al.  1986). 

A habitat  classification  scheme  to  describe  woody  debris  accumulations 
separates  the  debris  piles  by  their  typical  geomorphic  settings;  in  the  main 
channel,  in  a side  channel,  along  a cut  bank,  on  an  overflow  bank,  at  the 
island  head,  or  on  a gravel  bar  (Mason  and  Koon  1985).  The  habitat  func- 
tions of  LWD  vary  along  the  longitudinal  gradient  from  headwaters  to  mouth 
(Table  6.4).  In  low-order,  high-gradient  streams  LWD  has  a reduced  func- 
tion as  a structural  element  in  pool  formation  because  the  roughness  of  a 
'arge  log  is  small  relative  to  the  inherent  roughness  of  a boulder  and  bedrock 
c.  mnel.  As  stream  order  increases  and  gradient  decreases.  LWD  becomes 
increasingly  important  in  creating  salmomd  habitats.  In  streams  where  LWD 
spans  the  width  of  the  channel.  LWD  becomes  a dominant  roughness  ele- 
ment relative  to  gravel  and  pebble  substrates.  Thus,  in  third-  to  fifth-order 
streams.  LWD  is  a dominant  channel-forming  feature. 

As  roughness  elements,  LWD  pieces  deflect  the  flow  of  water  and  in- 
crease hydraulic  diversity.  Flow  deflections  create  a number  of  pool  types 
that  serve  as  different  habitats  for  juvenile  salmonids  in  summer  (Bisson  et 
al.  1982).  When  LWD  pieces  are  too  small  or  located  such  that  they  do  not 
create  pools,  they  create  local  hydraulic  diversity  (i.e.  localized  low-velocity 
areas)  that  serve  as  refugia  for  juveniles  at  higher  discharges  (Murphy  et  al. 
1985).  LWD  in  third-  to  fifth-order  streams  also  traps  sediments  and  nu- 
trients which  often  enhance  the  suitability  of  gravels  for  spawning  and  slows 
the  transport  of  vital  nutrients  in  the  stream  system.  This  also  allows  in- 
vertebrate communities  to  more  fully  utilize  the  allochthonous  inputs  to  the 
stream. 
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Though  LWD  is  less  frequently  a dominant  channel -forming  feature  in 
larger  riven,  it  remains  an  important  feature  along  the  channel  banks.  LWD 
in  riven  can  influence  meander  cutoffs  (Swanson  and  Lknkaemper  1982) 
and  provide  cover  and  increase  invertebrate  production  for  juvenile  salmo- 
nids  (Ward  et  al.  1982). 

Additionally,  in  ecologically  healthy  watersheds.  Large  estuaries  and  skxigh 
complexes  historically  provided  significant  rearing  areas  for  salmomds.  These 
largely  have  been  eliminated  to  cooven  land  to  agricultural  or  residential 
uses  (Maser  et  al.  1988).  Much  of  the  lower  floodplain  area  in  the  Puget 
Lowland  is  now  diked  to  contain  floods,  and  large  areas  of  wetlands  and 
marshes  no  longer  serve  as  habitat.  These  areas  are  critical  for  maintaining 
healthy  anadromous  fish  populations,  because  the  fish  make  physiological 
and  metabolic  adjustments  to  either  marine  or  fresh  waters  in  this  transition 
zone. 


Woody  Debris  Accumulations  as  Nodes  of  Ecological  Organization 

The  functional  role  of  large  piles  of  debris  deposited  on  riverbanks  has  re- 
ceived little  investigation.  Substantial  amounts  of  LWD  arc  a«/v-jar<M  with 
streams  of  old-growth  Douglas-fir  ( Pseudotsuga  menziesii ),  western  hem- 
lock (Tsuga  heterophylla),  and  Sitka  spruce  ( Picea  silchensis)  forests  Lien- 
kaernper  and  Swanson  (1987)  measured  92  Mg/ha  to  300  Mg/ha  in  the 
wetted  channel.  In  mid-  and  high-order  streams  substantial  debris  is  depos- 
ited outside  the  channel  but  the  mass  has  not  been  measured.  These  large 
accumulations  of  debus  appear  to  provide  critical  nodes  of  biooc  organi- 
zation within  the  river-npanan  corridor.  By  this  we  mean  that  woody  debris 
accumulations  act  as  key  loci  of  habitat  for  small  mammals  and  inverte- 
brates, which  in  turn  act  as  prey  for  larger  predators.  Without  the  woody 
debris  accumulations,  much  of  the  biodiversity  and  productivity  of  the  ri- 
parian zone  would  disappear. 

In  coastal  Oregon  at  least  80  species  of  snag-  or  log-dependent  wildlife 
frequent  riparian  forests  (Cline  and  Phillips  1983).  The  importance  of  downed 
logs  and  standing  snags  for  habitat  complexity  in  forest  ecosystems  is  well 
known  (Raedeke  1988,  Spies  and  dine  1988,  Franklin,  this  volume).  Woody 
debris  accumulations  in  close  proximity  to  the  channel  add  complexity  to 
the  habitat  for  terrestrial  life  and  may  be  a critical  resource  for  connecting 
upland  and  aquatic  communities. 

Twenty  North  American  species  of  small  mammals  arc  known  to  use  coarse 
woody  debris  for  denning,  feeding,  and  reproduction  (Harmon  et  al.  1986). 
Doyle  (1990)  indicates  that  woody  debns  accumulations  in  riparian  envi- 
ronments of  montane  areas  provide  superior  habitat  for  several  species  of 
small  mammals.  In  her  study,  several  less  commonly  captured  species  of 
small  mammals  were  collected  only  in  npanan  habitat.  Deer  mice  (Pero- 
myscus  manicularus ) and  chipmunk  (Tamias  townsendii)  are  often  located 
in  microhabitats  that  contain  relatively  large  amounts  of  woody  debns  (Doyle 
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1990).  Shrew  (Sore. r trowbridgii)  and  mole  ( Neurorrichus  gibbsii)  have  also 
been  found  in  association  with  decayed  wood  (Maguire  1983,  Whitaker  et 
al.  1979).  These  same  woody  debris  accumulations  may  also  provide  unique 
habitat  for  invertebrates  and  decomposers  (Anderson  1982,  Shearer  and  von 
Bodman  1983).  This  is  an  as  pea  of  watershed  health  requiring  substantial 
investigation  in  the  near  future. 

Habitat  Alterations  by  Wildlife  Communities 

Wildlife  communities  are  also  sensitive  indicators  of  ecological  health  at  the 
watershed  scale,  provided  a broad  spatial  and  temporal  perspective  is  taken. 
Wildlife  affect  ecological  systems  through  feeding  strategies  and  day-to-day 
activities  (e  g.,  ponding  water,  burrowing).  These  are  important  control  pro- 
cesses on  the  riparian  forest  and  the  stream  channel  which  have  reverbera- 
tions throughout  the  entire  ecological  system.  The  fundamental  features  of 
the  role  of  wildlife  in  ecologically  healthy  watersheds  are  related  to  the  use 
of  wildlife  to  detect  broad-scale  environmental  change,  the  nature  of  long- 
term population  cycles  and  their  relation  to  environmental  conditions,  and 
the  seasonal  phenology  of  habitat  use  and  migration  to  maxima  individual 
fitness  (e.g.,  connectivity). 

The  riparian  zone  provides  an  exceptional  array  of  vegetative  conditions 
that  support  diverse  and  productive  wildlife  communities  (Thomas  et  al.  1979, 
Oakley  et  al.  1985).  Whereas  fish  are  usually  incapable  of  modifying  the 
physical  environment  of  streams,  some  wildlife  populations  are  quite  ca- 
pable of  modifying  the  structure  and  dynamics  of  riparian  zones  (Kauffman 
1988,  Naiman  1988,  Pastor  et  al.  1988).  Large  herbivores  such  as  elk  (Cer- 
vuj  e tophus ) and  deer  ( Odocoileus  hemionus  and  O.  virginianus)  may  alter 
the  abundance  of  understory  vegetation  through  browsing  of  herbaceous  plants 
and  by  rubbing  or  trampling.  These  activities  contribute  to  a patchy  mosaic 
of  plant  communities  in  various  successional  stages,  which  in  turn  increase 
habitat  and  soil  complexity  (Figure  6. 13). 

Interactions  of  wildlife  with  riparian  plants  not  only  affect  vegetative 
patchiness  but  may  also  alter  habitat  characteristics  of  stream  channels  them- 
selves (Figure  6.13).  Water  quality  parameters  including  temperature,  light, 
nutrients,  and  sediment  are  all  influenced  by  wildlife  activities  (Green  and 
Kauffman  1989).  Beaver  have  perhaps  the  most  profound  effects  on  streams 
and  riparian  habitat  (Naiman  et  al.  1986,  1988).  Beaver  ponds  provide  suit- 
able environments  for  lendc  species  as  well  as  stream-dwelling  forms  pre- 
ferring low  current  velocity.  Beaver  ponds  are  known  to  be  important  ov- 
erwintering areas  for  some  coastal  fishes  (Bisson  et  al.  1987).  Beaver  ponds 
also  serve  as  important  storage  and  processing  sites  for  terrestrial  plant  ma- 
terials entering  the  stream  (Naiman  and  Melillo  1984),  and  thus  play  a major 
role  in  regulating  nutrient  availability  downstream  (Dahm  et  al.  1987).  Bea- 
ver herbivory  decreases  tree  density  and  basal  area  by  as  much  as  43%  within 
forage  zones  around  beaver  ponds  (Johnston  and  Naiman  1990).  Selective 
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Figur£  6.13.  Wildlife  influence  ecosystem  dynamics  by  their  foraging  strategies  and 
by  physical  habitat  alterations.  These  impacts  are  transmitted  to  the  riparian  forest 
community,  resulting  in  long-term  changes  to  biogeochenucal  cycles  in  soils,  sed- 
iment. and  water.  (Nou.  After  Naiman  1988.  Copynght  by  American  Institute  of 
Biological  Science.  Used  by  permission. 


foraging  also  alien  tree  species  composition,  which  may  affect  habitat  avail- 
ability for  other  wildlife  species.  Because  only  a small  fraction  of  the  wood 
biomass  felled  by  beaver  is  actually  Ingested,  beaver  contribute  large  amounts 
of  woody  debris  to  both  riparian  zones  and  stream  channels.  Flooding  of 
alluvial  terraces  and  valley  floors  by  beaver  dams  causes  long-term  changes 
in  forest  stand  succession,  which  in  turn  affects  the  location  and  dynamics 
of  vegetation  patches  on  a broad  scale  (Johnston  and  Naiman  1987). 

Food  Web  Dynamics 

Trophic  processes  in  stream  ecosystems  are  strongly  influenced  by  channel 
morphology  and  the  nature  of  riparian  and  upland  vegetation  (Vannote  et 
al.  1980).  In  steep,  cool  headwater  streams  (fust  and  second  order),  much 
of  the  organic  matter  processed  by  the  aquatic  community  originates  from 
riparian  trees  and  is  stored  in  stream  channels  by  LWD  (Naiman  and  Sedell 
1979a,  Cummins  et  al.  1982).  Invertebrate  communities  are  often  dominated 
by  detntivorous  species  that  break  down  wood  fragments,  needles,  leaves, 
and  other  debns  particles  into  successively  smaller  pieces.  Because  small 
headwater  streams  in  the  coastal  ecoregion  are  often  heavily  shaded  and 
nutrient  poor,  aquatic  plant  production  is  limited  to  epilithic  diatoms  and  a 
few  green  and  blue-green  algae.  Large  aquatic  consumers  are  relatively  rare 
and  ommvory  tends  to  be  the  rule  (Anderson  and  Sedell  1979).  Typical 
assemblages  of  large  consumers  in  headwater  Cascade  Mountain  streams 
include  crayfish  ( Pactfastacus  leniusculus).  Pacific  giant  salamander  (Di- 
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camptodon  ensatus).  sculpins  (Conus  spp.).  and  coastal  cutthroat  trout  (On- 
corhynchus  clarki  clarki).  Small  streams  draining  the  Coast  Ranee  usually 
have  lower  gradients,  and  anadromous  fishes  can  penetrate  far  quo  wa- 
tershed drainage  networks.  Assemblages  of  large  consumers  include,  in  ad- 
dition to  the  taxa  listed  above,  steelbead.  coho  salmon,  sea-run  cutthroat 
trout.  lamprey  (Lampcna  spp  ).  and  occasionally  dace  (Rhinichthys  spp  ). 
Other  anadromous  salmonids  (chinook.  chum)  may  be  transitory  residents 
of  small  coastal  streams  from  several  days  to  several  months  before  mi- 
grating to  the  ocean. 

Mid-order  streams  have  a more  even  balance  of  allochthonous  (terrestrial) 
and  autochthonous  (aquatic)  sources  of  organic  matter  than  headwater  streams 
(Naiman  and  Sedell  1979b).  A substantial  fraction  of  the  allochthonous  ma- 
terial processed  in  third-  to  fifth-order  streams  is  transported  from  headwater 
tributaries  rather  than  entering  laterally  from  ripanan  vegetation,  although 
the  latter  source  of  organic  matter  remains  important  (Conners  and  Naiman 
1984).  Because  much  of  it  has  already  been  consumed  and  excreted  by  aquahc 
invertebrates,  fluvially  transported  organic  matter  has  been  reduced  to  fine 
particles,  and  invertebrate  communities  contain  species  that  are  adapted  to 
processing  this  fine  organic  material.  Mid-order  stream  channels  are  less 
heavily  shaded  than  headwater  streams,  and  periphyton  production  ptays  a 
greater  role  in  community  metabolism  (Naiman  and  Sedell  1980.  Gregory 
et  al.  1987).  Invertebrates  specialized  to  consume  algae  are  prominent  mem- 
bers of  the  benthic  community  In  unconstrained  valleys,  composition  of 
riparian  vegetation  along  these  streams  also  changes  to  a more  even  mixture 
of  conifer  and  hardwood  species.  Deciduous  trees  contribute  considerable 
amounts  of  easily  decomposed  and  relatively  nutrient-rich  materials  (leaves, 
catkins)  to  the  streams  on  a seasonal  basis. 

In  many  respects,  mid-order  streams  possess  the  greatest  diversity  of  both 
trophic  pathways  and  physical  habitat  conditions  within  the  watershed.  Pool- 
riffle  sequences  remain  intact  and  are  coupled  with  lateral  habitat  devel- 
opment in  the  form  of  backwaters  and  secondary  channels  on  alluvial  sur- 
faces. These  streams  tend  to  support  the  greatest  diversity  of  cold-water 
fishes,  such  as  Salmonidae  and  Cottidae.  and  usually  contain  all  of  the  large 
consumers  found  in  headwater  tributaries  as  well  as  species  adapted  to  larger 
rivers,  provided  suitable  temperatures  exist.  Salmonids  typically  found  in 
third-  to  fifth-order  streams  include  bull  trout  ( Salvelinus  confluemus-.  rarely 
in  coastal  streams),  Dolly  Varden  (5.  malma),  and  mountain  whitefish  (Pro- 
sop  turn  williamsom) . Juvenile  chinook  salmon  make  greater  use  of  these 
streams  for  rearing,  and  both  chum  and  pink  salmon  use  them  to  spawn. 
Because  summer  temperatures  are  wanner  than  in  first-  to  second-order 
streams,  mid-order  streams  also  possess  a more  diverse  community  of  min- 
nows (Rhimchlhy:  spp..  Richardsomus  balteatus.  Prychocheilus  oregonen- 
sis.  Acrocheilus  alulae eus),  and  suckers  ( Catostomus  spp.)  than  are  repre- 
sented in  headwaters  (Li  et  al.  1987).  Included  in  this  assemblage  are  species 
that  consume  algae  and  detritus. 
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Seasonal  input  of  nutrients  from  the  carcasses  of  spawned-out  salmon  can 
be  an  important  source  of  nitrogen  and  phosphorus  in  these  and  downstream 
systems  (Brickell  and  Goenng  1970,  Sugai  and  Burrell  1984),  although  car- 
casses can  provide  nutrients  to  small  streams  if  they  are  retained  in  the  chan- 
nel by  large  woody  debris  (Cederholm  and  Peterson  1985). 

In  addition,  riparian  wildlife  may  benefit  from  nutrients  transported  to 
watersheds  in  the  form  of  returning  adult  fish.  Cederholm  et  al.  (1989)  doc- 
umented the  consumption  of  experimentally  released  coho  salmon  carcasses 
by  22  species  of  mammals  and  birds  (51%  of  the  total  number  of  species 
observed  in  riparian  zones)  in  small  streams  on  the  Olympic  Peninsula. 
Washington.  Cederholm  and  Peterson  (1985)  found  that  the  presence  of  large 
woody  debris  served  to  hinder  downstream  transport  of  dead  fish  and  in- 
crease carcass  availability  to  terrestrial  scavengers.  Accumulations  of  salmon 
carcasses  attract  aggregations  of  scavenging  birds  to  larger  rivers  (Stalmaster 
and  Gessaman  1984).  Long-term  declines  in  the  numbers  of  spawning  salmon 
may  result  in  a significant  loss  of  seasonally  abundant  nutrients  to  some 
wildlife  species  (Cederholm  et  al.  1989,  Spenser  et  al.  1991). 

The  trophic  support  of  large  streams  (>sixth  order)  is  dominated  by  au- 
totrophic production  of  phytoplankton,  periphyton,  and  rooted  vascular  plants, 
and  by  fine  particulate  organic  matter  transported  into  these  larger  systems 
from  upstream  sources  and  laterally  from  the  floodplain  (Vannote  et  al.  1980, 
Cummins  et  al.  1982).  Although  the  direct  input  of  wood  and  leaf  litter  from 
riparian  forests  is  relatively  unimportant  compared  with  aquatic  plant  pro- 
duction and  fluvially  transported  organic  material,  the  food  web  of  higher- 
order  streams  is  still  heavily  dependent  on  resources,  including  nutrients, 
that  originate  from  upstream  areas  (Naiman  et  al.  1987)  as  well  as  from 
periodic  inundation  of  the  floodplain  (Pinay  et  al.  1990).  Zooplankton  and 
benthic  detritivores  are  important  invertebrate  consumers  in  large  streams, 
and  fish  communities  reflect  this  shift  in  available  food  organisms.  Both 
plankton  feeders  and  benthic  insectivores  are  well  represented  in  the  fishes 
of  large  rivers.  Included  among  these  are  many  of  the  thermally  tolerant 
forms  inhabiting  mid-order  streams  as  well  as  additional  species  of  minnows 
( Mylocheilus  caurinus,  Hybopsis  crameri,  Couesius  plumbeus)  and  other 
species  that  often  inhabit  marshes  and  sloughs  ( Novumbra  hubbsi.  Percopsis 
transmontana) . Also  represented  among  the  fishes  of  larger  streams  are  eu- 
ryhaline  species  (Acipenser  spp..  Thaleichthys  pacificus.  Gasterosteus  acu- 
leanu  (occasionally  in  smaller  streams],  several  Cottidae.  Plaiichthys  stel- 
latus)  that  inhabit  brackish  water  ponds,  the  estuary,  or  ocean  and  move  into 
rivers  to  feed  or  spawn.  Introduced  species  ( Cyprinus  carpio.  Carassius  au- 
ratus,  Esox  americanus.  Gambusia  affinis,  several  Ictaluridae,  many  Cen- 
trarchidae,  several  Percidae)  have  become  established  in  the  lower  reaches 
of  many  Pacific  Northwest  river  basins.  In  general,  normative  fishes  were 
imported  from  eastern  North  America  and  are  associated  w ith  aquatic  veg- 
etation along  the  channel  margin  and  floodplain.  Some  exotic  species  are 
piscivorous  and  in  certain  areas  have  displaced  native  forms  from  preferred 
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habitat,  either  through  predation  or  competition  (U  et  al.  198T).  Overall, 
however,  introduced  fishes  have  tended  to  increase  species  richness  in  large 
streams. 


An  Ecologically  Healthy  Watershed 

In  reference  to  the  original  working  hypothesis — that  delivery  and  routing 
of  water,  sediment,  and  woody  debris  are  the  key  processes  regulating  the 
characteristics  of  drainage  networks  in  the  Pacific  Northwest  coastal  ecore- 

pon we  offer  several  observations.  The  available  evidence  suggests  that 

ecologically  healthy  watersheds  are  maintained  by  an  active  natural  distur- 
bance regime  operating  over  a range  of  spatial  and  temporal  scales.  Eco- 
logically healthy  watersheds  are  dependent  on  the  nature  of  the  disturbance 
(e.g.,  fire,  landslides,  debris  torrents,  channel  migration)  and  the  ability  of 
the  system  to  adjust  to  constantly  changing  conditions.  This  natural  distur- 
bance regime  imparts  considerable  spatial  heterogeneity  and  temporal  vari- 
ability to  the  physical  components  of  the  system.  In  turn,  this  is  reflected 
in  the  life  history  strategies,  productivity,  and  biodiversity  of  the  biotic 
community. 

This  natural  disturbance  regime  produces  a dynamic  equilibrium  for  ri- 
parian forests,  habitat,  water  storage,  water  quality,  animal  migration,  and 
biodiversity  resulting  in  resilient  and  productive  ecological  systems.  The  net 
result  is  an  ecological  system,  at  the  watershed  scale,  which  possesses  a 
bkxk  integrity  strongly  valued  for  its  long-term  social,  economic,  and  eco- 
logical characteristics. 

The  heart  of  an  ecologically  healthy  watershed  is  the  riparian  forest 
(D6camps  and  Naim  an  1989,  Naiman  and  Dicamps  1990).  The  n pan  an  for- 
est is  shaped  by  channel  geomoiphology,  hydrologic  pattern,  spatial  position 
of  the  channel  in  the  drainage  network,  and  the  inherent  disturbance  re- 
gimes. Yet  the  riparian  forest  affects,  and  is  affected  by,  habitat  dynamics, 
water  quality,  and  the  animal  community.  This  strongly  suggests  that  main- 
tenance of  riparian  forests  in  their  historic  abundance  and  in  healthy  eco- 
logical condition  is  of  fundamental  importance  for  long-term  ecological  and 
socioeconomic  vitality  of  watersheds  in  the  Pacific  Northwest  coastal 
ecoregion. 
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Monitoring  Guidelines:  Errata 

Cover  (upper  right-hand  corner) : "Washgton"  should  read 

"Washington" . 

p.  viii,  third  line:  "manaufacturing"  should  read 

"manufacturing" . 

p.  6,  col.  1,  first  line  should  read  "can  be  based  on 

p.  12,  second  column,  the  last  full  sentence  should  read: 

"However,  the  establishment  of  biological  criteria  for 
streams  in  the  Pacific  Northwest  and  Alaska  is  likely  to 
be  an  extended  process  because  of  the  differences  among 
ecoregions  and  the  need  to  understand  the  factors 
controlling  the  distribution  and  numbers  of  organisms  to 
be  used  for  monitoring." 

p.  59-60:  The  description  of  the  expert  system  in  Section  5.2, 
while  generally  accurate,  differs  slightly  from  Version 
1.0  as  being  distributed  by  EPA.  In  particular,  there  is 
both  a print  and  a nonprint  version  of  PASSSFA,  and  these 
have  different  features  and  uses.  The  "what  if"  function 
could  not  be  included  in  the  runtime  version  being 
distributed.  More  detailed  information  on  PASSSFA  is 
contained  in  the  user's  guide  dated  October  1991.  Both 
the  user's  guide  and  PASSSFA  are  available  from  U.S.  EPA 
in  Seattle  (see  page  ii  of  the  Guidelines  for  ordering 
instructions) . 

p.  66,  insert  the  following  reference  "Boynton,  J.L.,  1972. 

Managing  for  quality — a plan  for  developing  water  quality 
surveillance  programs  on  National  Forests  in  California. 
Pages  84-90  in  Csallany,  8.C.,  T.G.  MClaughlin,  and  W.D. 
Striffler  (eds.).  Watersheds  in  Transition,  Amer.  Water 
Resour.  Assoc.,  Washington,  D.C." 

p.  68:  "Swanston,  F. J. , 1969."  should  be  "Swanston,  D.N. , 

1969. " 

p.  68:  "Swanston,  F. J. , R.J.  Janda,  ..."  should  be  "Swanson, 
F.J.,  R.J.  Janda,  ..." 

p.  122,  Figure  8B:  The  primary  axis  of  the  large  rock  should 
be  lablelled  as  Dm  rather  than  Df. 

p.  154,  second  column,  fourth  full  paragraph:  reference  in 

item  2 should  be  to  Section  5.6  rather  than  Section  4.6. 

p.  154,  second  column,  last  line:  "biolo-gical"  should  be 
written  "biological". 
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More  Monitoring  Literature 


Meehan,  W.R.  (ed.),  1991.  Influences  of  forest  and  rangeland  management  on 
salmonid  fishes  and  their  habitats.  American  Fisheries  Society 
Special  Publication  No.  19,  5410  Grosvenor  Lane,  Suite  110,  Bethesda, 
MD  20814.  751  p.  Excellent  and  extensive  review  of  literature  on 

salmonids,  their  habitat  requirements,  the  effects  of  natural 
processes,  and  the  impacts  of  management  activities. 

Stednick,  J.D.,  1991.  Wildland  water  quality  sampling  and  analysis. 

Academic  Press,  Inc.,  217  p.  Nice  and  relatively  concise  review  of 
sampling  procedures,  methods,  and  data  analysis  for  the  most  common 
physical  and  chemical  constituents  of  water. 

Helsel,  D.R.,  and  R.M.  Hirsch,  1992.  Statistical  methods  in  water 

resources.  Elsevier  Publishers,  New  York.  522  p.  An  excellent  book 
with  good  coverage  of  nonparametric  techniques  by  experienced 
experts,  but  even  the  paperback  version  is  around  $801 

Rosenberg,  D.M.,  and  V.H.  Resh,  1992.  Freshwater  biomonitoring  and  benthic 
macroinvertebrates.  Chapman  and  Hall,  N.Y.  Everything  you  always 
wanted  to  know  about  using  macroinvertebrates  for  monitoring.  478  p. 

Peters,  N.E.,  and  D.E.  Walling,  1991.  Sediment  and  stream  water  quality  in 
a changing  environment.  Int.  Assoc,  of  Hydrol.  Sci.  Publ.  No.  203, 
2000  Florida  Ave.  NW,  Washington  D.C.  374  p.  An  interesting 
collection  of  papers  from  the  IUGG  in  Vienna. 

Conover,  W.L.,  1980.  Practical  nonparametric  statistics,  second  edition. 

John  Wiley  and  Sons,  New  York,  493  p.  I missed  this  one,  but  it  has 
been  recommended.  Nonparametric  statistics  are  increasingly  the 
method  of  choice  for  water  quality  data  (see  Helsel  and  Hirsch). 

Chambers,  J.M.,  W.S.  Cleveland,  B.  Kleiner,  and  P.A.  Tukey,  1983. 

Graphical  methods  for  data  analysis.  Duxbury  Press,  Boston,  MA.  395 
p.  Another  book  not  cited.  This  was  the  source  of  some  of  the 
figures  in  my  presentation. 

Ward,  R.C.,  J.C.  Loftis,  and  G.B.  McBride,  1990.  Design  of  water  quality 
monitoring  systems.  Van  Nostrand  Reinhold,  New  York.  231  p. 

Another  omission  from  the  Guidelines  which  might  be  of  use. 

IAHS,  1986.  Monitoring  to  detect  changes  in  water  quality  series 

(Proceedings  of  the  Bucharest  Symposium).  Int.  Assoc,  of  Hydrol. 
Sci.,  2000  Florida  Ave.  NW,  Wash.  D.C.,  2009.  Some  nice  articles. 

Stewart-Oaten,  A.,  W.M.  Murdock,  and  K.R.  Parker,  1986.  Environmental 

impact  assessment:  "pseudoreplicat ion"  in  time?  Ecology  67:929-940. 

Milliken  and  Johnson,  The  analysis  of  messy  data.  Van  Nostrand  Reinhold, 
about  $40  in  paperback.  Been  repeatedly  recommended. 
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Figure  4.  Development  of  a monitoring  project. 
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Variability  Sources  and  Scales 

Temporal 

Interannual 

Seasonal 

Between  storms  or  runoff  events 
Within  storms  or  runoff  events 
Short-term  variability 

Spatial 

Between  ecoregions 
Within  ecoregions 
Between  basins 
Between  stream  types 
Between  reaches 

Between  geomorphic  (habitat)  units  or  cross- 
sections 

Within  geomorphic  units  or  cross-sections  (bug  or 
sampling  scale) 

Measurement  uncertainty 
Sampler  bias 
Analytic  uncertainty 
Management  effects 
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Elements  of  a QAPP  (1991) 


Project  Management 

Title  and  approval  sheet 

Table  of  contents 

Distribution  list 

Project/task  organization 

Problem  definition/background 

Project/task  description 

Data  quality  objectives  for  measurement  data 

Project  narrative 

Special  training  requirements/certification 
Documentation  and  records 

Measurement/Data  Acquisition 

Sampling  process  design  (experimental  design) 

Sampling  methods  requirements 
Sample  handling  and  custody  requirements 
Analytical  methods  requirements 
Quality  control  requirements 

Instrument/equipment  testing,  inspection,  and  maintenance 
requirements 

Instrument  calibration  and  and  frequency 

Inspection/acceptance  requirements  for  supplies  and  consumables 
Data  acquisition  requirements  (non-direct  measurements) 

Data  quality  management 

Assessment/Oversiaht 

Assessments  and  response  actions 
Reports  to  management 

Data  Validation  and  Usability 

Data  review,  validation,  and  verification  requirements 
Validation  and  verification  methods 
Reconciliation  with  data  quality  objectives 


Source:  EPA  requirements  for  quality  assurance  project  plans  for  environmental 
data  operators,  EPA  QA/R-5,  U.S.  EPA,  Quality  Assurance  Management  Staff, 
Washington,  D.C.  1991? 


Order  Form  For. . . 

Expert  System  for  Selecting  Monitoring  Parameters 


A PC-based,  expert  system  designer  to  facilitate  the  parameter  selection  process  outlined  in  the  EPA  document  entitled 
■ Monitoring  Guideline*  to  Evaluate  Effects  of  Forestry  Activities  on  Streams  In  the  Pacific  Northwest  and  Alaska, " 
by  L MacDonald,  A.  Smart  and  R.  Wissmar  (1 991 ). 


CD  I would  also  like  to  receive copies  of  the  " Land  Manager’s  Guide  to  Water  Quality 

Monitoring 

□ I would  like  to  receive more  copies  of  the  " Monitoring  Guidelines  to  Evaluate  Effects  of 

Forestry  Activities  on  Streams  in  the  Pacific  NW  and  Alaska  . 

□ I would  like  to  have  my  name  included  on  a Region  10  EPA  mailing  list  for  distribution  of  other  information 
related  to  nonpoint  source  water  quality  management. 


Please  label  your  computer  diskette  with  your  name  and  complete 
mailing  address  in  order  to  insure  identification.  Please  include  a 
self-addressed  diskette  mailer  in  order  to  insure  return  mail. 

EPA  will  not  pro  vide  diske  ties. 


Please  mail  this  form,  your  labeled,  formatted  diskette  and  a self-addressed  diskette  mailer  to: 

U.  S.  Environmental  Protection  Agency,  Region  10 
Water  Division,  Mail  Stop  WD-139 
1200  Sixth  Avenue 
Seattle,  Washington  98101 

ATTN:  Rick  Edwards 


Any  comments  regarding  the  Monitoring  Guidelines,  companion  material,  and  suggested  follow-up?: 


More  Information:  For  additional  information  about  this  workshop,  contact  Rick  Edwards,  U.S.  Environmental  Protection 
Agency,  Region  10,  Mail  Stop  WD-139,  Seattle,  Washington  98101  (206/553-8511;  FTS  399-851 1;  USFS  DG  R06F05A). 
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Components  of  a Monitoring  Report 
(adapted  from  Mike  Amaranthus,  Siskiyou  N.F.,  and  Carol 
Rosenblum  Perry,  freelance  writer-editor,  Corvallis,  OR) 

The  writing  and  presentation  of  monitoring  reports  are  an 
essential  component  of  any  monitoring  project.  If  you  don't 
analyse,  document,  and  disseminate  your  results,  then  the 
monitoring  project  is  unlikely  to  result  in  improved  resource 
management.  A well-written  and  well-presented  document 
generally  is  much  more  persuasive  than  verbal  statements. 

A well-prepared  monitoring  report  also  will  give  your 
work  more  credibility  and  visibility  within  your  organization 
and  with  the  public.  This  in  turn  can  lead  to  more  resources 
being  made  available  for  monitoring;  people  respond  to  a 
professional  approach  and  demonstrated  commitment. 

Although  the  content  and  organization  of  your  monitoring 
report  can  vary,  the  approach  described  below  is  a useful 
place  to  start.  Remember  that  if  you  don't  organize  the  data 
and  complete  a monitoring  report,  the  monitoring  project  could 
be  considered  a failure.  This  may  reflect  poorly  on  you,  and 
it  isn't  conducive  to  good  resource  management.  The  choice  is 
yours . 

1.  TITLE 

The  title  of  the  report  should  clearly  indicate  the  scope 
and  duration  of  the  monitoring  project.  Underneath  the  title 
should  be  the  name(s)  of  the  author(s).  The  title  and  full 
mailing  address  of  at  least  the  first  author  should  be 
provided  as  a courtesy  to  the  readers.  A phone  number  is  an 
additional  but  optional  courtesy. 

2.  ABSTRACT  OR  EXECUTIVE  SUMMARY 

This  prose  section  should  summarize  the  "meat”  of  the 
report,  briefly  telling  the  reader  what  you  did,  how  you  did 
it,  the  primary  results,  and  the  implications  of  those 
results.  Keep  it  as  objective  and  as  factual  as  possible. 
Usually  it  is  best  to  write  this  after  you've  completed  the 
rest  of  the  report,  as  only  then  will  you  have  the  clarity  and 
understanding  to  do  a good  job  on  this  section. 

Remember  not  to  include  abbreviations  or  other  jargon 
which  may  not  be  known  to  the  reader.  This  section  should 
stand  on  its  own,  as  many  readers  will  read  only  this  section. 
This  section  does  not  include  tables  or  figures,  but  should 
specify  the  most  important  numerical  results. 

3 . INTRODUCTION 

The  introduction  is  critical,  as  it:  (1)  sets  the  stage 

for  all  that  follows,  and  (2)  either  hooks  or  loses  the 
reader.  It  is  all  too  easy  for  an  introduction  to  be  rambling 
and  include  a variety  of  extraneous  information.  The  first 
paragraph  needs  to  come  to  the  point — why  are  you  monitoring 
some  particular  variable (s)  in  the  selected  locations.  You 
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then  need  to  provide  the  context  of  your  study — what  has  been 
done  in  the  past,  what  is  known  about  the  system  being 
monitored,  and  what  is  the  technical  basis  for  your  study. 

This  should  not  be  an  exhaustive  review,  but  a concise 
summary. 

The  introduction  should  then  clearly  list  the  objectives 
of  the  study.  These  objectives  should  be  both  concise  and 
precise,  and  they  should  stand  out.  The  logic  and  structure 
developed  here  should  be  reflected  in  all  the  other  sections 
of  the  report,  as  the  reader  knows  what  to  expect  and  is  ready 
for  it. 

Often  the  introduction  you  write  at  the  beginning  will 
not  fit  the  report  once  it's  finished,  so  you  may  need  to  go 
back  and  revise  the  introduction  to  fit  the  results  and 
discussion.  Footnotes  generally  should  be  avoided  here  and  in 
the  rest  of  the  report  because  they  can  distract  the  reader 
and  break  up  the  flow  of  the  report. 

4.  METHODS 

The  methods  section  should  describe  your  procedure  in 
sufficient  detail  so  that  the  reader  can  evaluate  your  work 
and  even  duplicate  it  if  so  desired.  Standard  procedures  can 
be  referenced,  but  non-standard  or  modified  procedures  will 
have  to  be  described  in  sufficient  detail  so  that  the  reader 
can  understand  how  the  data  were  obtained.  Typically  you 
should  provide  a map  showing  your  sampling  sites,  explain  your 
experimental  design,  describe  your  equipment  and  materials, 
and  specify  your  analysis  procedures  (both  laboratory  and 
statistical) . The  amount  of  detail  is  impossible  to  specify, 
as  it  depends  upon  the  purpose  and  expected  distribution  of 
your  report.  Remember,  however,  that  you  may  not  see  the 
project  through,  so  you  need  to  provide  sufficient  guidance  to 
allow  someone  else  to  pick  it  up  and  carry  on,  or  to  conduct  a 
comparable  study  somewhere  else. 

Try  to  establish  an  order  in  the  methods  which  you  then 
follow  in  the  subsequent  sections  of  the  report.  If  you're 
describing  study  sites,  give  the  characteristics  in  the  same 
order  so  that  it  is  easier  to  make  comparisons.  Better  yet, 
put  together  a table  so  that  similarities  and  differences  are 
immediately  apparent,  and  don't  have  to  be  extracted  from  long 
blocks  of  text.  Figures  are  useful  ways  to  convey  a lot  of 
information  and  break  the  report  into  more  visually  appealing 
blocks . 

The  methods  section  should  be  as  terse  and  businesslike 
as  you  can  make  it  without  sacrificing  key  information. 

5.  RESULTS 

This  section  presents  the  key  results — the  facts,  and 
nothing  but  the  facts.  The  section  is  held  together  by  prose, 
while  the  actual  results  should  be  presented  in  graphs  and 
figures.  Tables  are  one  way  to  present  a lot  of  data,  but 
most  readers  aren't  willing  to  spend  a lot  of  time  looking  at 
a long  table  in  order  to  extract  significant  trends.  Help  the 
reader  out!  Full  data  sets  may  be  better  off  in  an  appendix. 
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In  general,  your  figures  should  show  the  actual  data 
points,  and  not  just  the  means  or  calculated  regression  line. 
Be  scientifically  responsible  and  let  readers  see  the  data  so 
that  they  can  evaluate  it  and  possibly  draw  their  own 
conclusions.  The  discussion  section  is  where  you  make  your 
case,  not  here  in  the  results  section. 

Remember  to  consecutively  number  each  figure  and  table 
according  to  the  order  in  which  they  are  referenced  in  the 
text,  and  that  each  figure  or  table  must  be  referenced  in  the 
text.  Don't  spell  out  in  excruciatingly  detailed  prose  what 
is  evident  from  the  figure,  but  you  should  point  out  important 
numbers  and  trends.  If  you  don't  have  data  to  directly 
support  a statement,  then  that  statement  probably  doesn't 
belong  in  this  section.  Try  to  follow  the  same  logic  and 
structure  that  you  established  in  the  previous  sections. 

6.  DISCUSSION 

The  discussion  section  is  where  you  interpret  your 
results  and  draw  your  conclusions.  The  structure  of  this 
section  should  parallel  the  structure  established  in  previous 
sections,  and  there  should  be  a logical  progression  from  the 
Introduction  through  the  Methods  and  Results  to  the 
Discussion . Some  aspects  of  the  data  which  should  be  explored 
in  this  section  include  physical  explanations  for  the  data, 
the  uncertainty  associated  with  the  data  and  the  results, 
contradictions  or  inconsistencies  in  the  data,  and  the 
implications  of  the  data  with  regard  to  the  problem (s)  being 
addressed. 

Begin  with  your  firm  results,  and  then  move  on  to 
extrapolation  and  speculation.  Be  clear  as  to  which 
statements  are  relatively  solid  (based  on  the  data) , and  which 
statements  are  more  speculative.  Reference  to  other  studies 
can  help  bolster  your  extrapolations  and  speculations.  This 
section  is  your  opportunity  to  present  your  story  and  indicate 
its  significance,  but  be  aware  that  unwarranted  extrapolation 
and  conclusions  can  destroy  the  credibility  of  the  entire 
report. 

Finish  off  the  section  with  your  conclusions, 
recommendations,  and  a description  of  what  is  supposed  to 
happen  next.  There  should  be  closure  with  the  objectives  as 
stated  in  the  introduction,  and  this  is  why  it  is  often 
necessary  to  go  back  and  make  sure  the  introduction  properly 
starts  the  reader  on  this  path  towards  the  results  and 
discussion. 

7 . CONCLUSIONS 

People  differ  over  the  need  to  have  a separate  section 
for  the  conclusions.  In  a relatively  brief  report  the  reader 
can  readily  extract  the  conclusions  from  the  results  and 
discussion.  As  a report  becomes  longer  and  more  complex, 
fewer  people  will  read  the  full  report  and  it  becomes  more 
difficult  for  the  casual  reader  to  determine  the  "bottom 
line."  In  this  case  it  is  your  obligation  as  a communicator 
to  again  help  out  the  reader  and  summarize  your  conclusions 
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and  recommendations  in  a separate  section.  Interested  readers 
can  then  go  into  the  body  of  the  report  to  see  how  you  came  to 
a particular  conclusion  or  recommendation. 

8.  ACKNOWLEDGMENTS 

Most  monitoring  projects  involve  a variety  of  people,  and 
this  is  your  chance  to  give  credit  where  credit  is  due.  If 
people  can  see  that  their  efforts  helped  produce  a usable  and 
tangible  result,  they  are  more  likely  to  be  interested  and 
willing  participants  in  the  future.  Having  interested  and 
willing  participants  will  then  greatly  improve  the  quality  and 
reliability  of  your  future  monitoring  efforts.  Key  people  may 
include  technicians,  managers,  and  peer  reviewers.  Recognize 
these  contributions! 

8.  REFERENCES 

This  is  where  you  list  all  the  source  material  cited  in 
your  report,  including  published  literature,  previous 
monitoring  reports,  unpublished  documents,  personal 
communication,  and  computer  software.  "Literature  cited"  is  a 
more  restrictive  term,  and  for  most  monitoring  reports 
"references"  is  more  appropriate. 

Use  the  author-date  system — e.g.,  (Smith,  1992)  rather 
than  a numbering  system.  The  advantages  of  author-date 
include:  (1)  you  don't  have  to  renumber  your  citations  each 
time  you  add  or  delete  a reference,  and  (2)  many  readers  can 
readily  identify  a reference  from  the  author  and  date.  A 
numeric  system  forces  the  reader  to  keep  flipping  from  the 
text  to  the  references  to  see  exactly  who  you  are  referencing 
each  time. 

Text  lifted  verbatim  from  a source  should  be  enclosed  in 
quotation  marks.  Such  quotes  should  be  referenced  not  only  by 
author  and  date,  but  also  by  page  number.  Paraphrased  text 
requires  a reference  but  need  not  be  enclosed  in  quotation 
marks;  information  considered  general  knowledge  and  not 
subject  to  argument  can  be  used  without  an  accompanying 
citation. 

Be  sure  your  citation  is  sufficiently  complete  to  allow 
the  reader  to  track  down  and  obtain  any  reference. 

Referencing  a personal  communication  by  name  only  is  not 
adequate;  include  the  person's  organization  so  that  the  reader 
knows  exactly  whom  you  mean  and  could  contact  that  person  if 
desired.  Your  attention  to  detail  in  the  references  is 
another  clue  as  to  the  type  of  work  you  do;  a sloppy  and 
incomplete  reference  list  suggests  that  your  monitoring 
efforts  are  sloppy  and  unreliable.  Credibility  is  a resource 
which  generally  takes  a great  deal  of  time  to  build  up  but  can 
be  rapidly  destroyed.  To  be  effective  a monitoring  report 
must  be  credible,  useful,  and  clear. 


Happy  monitoring! 
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Sediment  Monitoring:  Reality  and  Hope 


Lee  H.  MacDonald 
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Fort  Collins,  Colorado 


Introduction  and  Overview 

Water  quality  regulation  in  the  United  States  is  lar- 
gely based  on  the  maintenance  and  enhancement 
of  the  designated  beneficial  uses  of  water.  The 
Clean  Water  Act's  overall  goals  and  amendments 
are  couched  in  terms  such  as  "swimmable,"  "fish- 
able,"  and  "the  propagation  of  aquatic  life."  The 
policies  and  mechanisms  to  achieve  these  goals  — 
water  quality  standards,  best  management  prac- 
tices (BMPs),  antidegradation,  and  total  maximum 
daily  loads  (TMDLs)  — all  relate  back  to  this  con- 
cept of  the  designated  beneficial  use  (U.S.  Environ. 
Prot.  Agency,  1988).  Monitoring  is  essential  for  the 
effective  implementation  of  each  of  these  policies 
and  pollution  control  mechanisms  (MacDonald  et 
al.  1991). 

In  most  of  the  western  United  States  and 
Canada,  coldwater  fisheries  are  regarded  as  the 
designated  use  most  sensitive  to  forest  manage- 
ment activities.  Public  concern  over  the  effects  of 
forestry  on  streams  and  fish  has  triggered  a series 
of  intensive  research  projects  to  evaluate  forestry- 
fisheries  interactions,  such  as  the  Alsea  study  in 
Oregon  and  Carnation  Creek  in  British  Columbia 
(Moring,  1975;  Chamberlin,  1988).  These  and  other 
studies  have  not  resolved  what  is  often  a highly 
charged  and  emotional  debate.  From  a scientific 
view,  confirmation  of  the  effects  of  forestry  on 
aquatic  ecosystems  requires: 

, • documentation  of  a change  in  the  physical 
habitat  (e.g.,  temperature,  turbidity,  bed 
material  particle  size,  amount  of  cover,  and 
pool  depth)  and 


• a link  between  the  changes  in  physical 
habitat  and  the  designated  use  of  concern 
(e.g.,  coldwater  fish  populations  or 
"biological  integrity"). 

In  the  last  five  years,  several  publications  have 
reviewed  these  interactions  between  land  manage- 
ment activities  and  aquatic  ecosystems  (Salo  and 
Cundy,  1987;  Chapman  and  McLeod,  1987;  Mac- 
Donald et  al.  1991;  Meehan,  1991;  Reid,  1991).  At 
this  time,  there  seems  to  be  little  point  in  generat- 
ing another  broad,  state-of-knowledge  report  on 
forestry-fishery  interactions,  at  least  for  the  Pacific 
Northwest. 


Monitoring  Tools  and  Constraints 

Lack  of  Criteria 

The  studies  cited  previously  document  how  forest 
management  activities  can  affect  coldwater 
fisheries.  However,  we  generally  lack  the  sharp 
monitoring  tools  needed  to  regularly  link  on-the- 
ground  management  activities  to  coldwater 
fisheries  or  the  biological  integrity  of  aquatic 
ecosystems. 

One  major  failing  of  the  existing  regulatory 
structure  is  that  most  water  quality  criteria  are 
either  insensitive  or  irrelevant  to  forest  manage- 
ment activities.  Of  the  100  or  so  criteria  discussed 
in  the  U.S.  Environmental  Protection  Agency's 
(EPA)  Gold  Book  (U.S.  Environ.  Prot.  Agency,  1986), 
forest  management  activities  generally  affect  no 
more  than  five  or  six  criteria:  dissolved  oxygen 
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(DO),  turbidity,  suspended  solids,  color,  tempera- 
ture, and  perhaps  nitrate-nitrogen.  Yet  forestry  ac- 
tivities are  known  to  alter  numerous  other 
parameters  that  do  not  have  EPA-specified  criteria 
but  do  have  great  significance  for  aquatic  and 
riparian  ecosystems  (MacDonald  et  al.  1991). 
Recent  attempts  to  set  criteria  for  parameters  such 
as  intergravel  DO  or  embeddedness  have  been  un- 
successful, primarily  because  of  difficulty  in  estab- 
lishing a consistent  and  technically  sound  basis  for 
such  criteria  (Harvey,  1989). 

Of  the  six  criteria  most  likely  to  be  affected  by 
forest  management  activities,  all  but  one  or  two  are 
sediment-related.  Turbidity,  suspended  solids,  and 
color  are  expressions  of  the  amount  of  fine  sedi- 
ment within  the  water  column.  Substandard  con- 
centrations of  intergravel  DO  — at  least  in  cool, 
lower-order  forest  streams  — are  most  likely  to 
result  from  deposition  of  fine  sediment.  Adverse 
changes  in  water  temperature  result  primarily  from 
a reduction  in  the  riparian  canopy,  but  the  canopy 
can  be  altered  either  directly  by  forest  harvest,  or 
indirectly  by  changes  in  the  balance  between  sedi- 
ment load  and  discharge  (Grant,  1988).  Substantial 
increases  in  turbidity,  suspended  sediment  con- 
centrations, or  the  amount  of  bedload  movement 
can  usually  be  associated  with  adverse  impacts  on 
one  or  more  designated  beneficial  uses  (Mac- 
Donald et  al.  1991). 

Turbidity  and  Suspended  Solids 

Given  these  factors,  the  primary  tools  to  regulate 
the  effects  of  forestry  activities  on  streams  are  the 
criteria  for  turbidity  and  suspended  solids.  Several 
western  States  have  established  specific  criteria  for 
these  variables;  for  example,  that  turbidity  should 
not  increase  by  more  than  10  or  20  percent  above 
background.  Such  standards  may  be  extremely  dif- 
ficult to  enforce  in  areas  with  multiple  and  diffuse 
sources.  Often,  no  undisturbed  catchments  are 
available  to  serve  as  controls  and  variability  be- 
tween sites  is  greater  than  the  standard  (see  Carey, 
1985). 

In  general,  turbidity  is  probably  more  useful 
than  the  concentration  of  suspended  solids  because 
the  latter  is  known  to  vary  with  depth  and  location 
across  the  stream  cross  section  (Allen  and  Peterson, 
1981;  Edwards  and  Glysson,  1988).  These  complica- 
tions in  measuring  suspended  solids  may  not  be 
too  severe  in  lower-order,  turbulent  mountain 
streams,  but  the  concentration  of  suspended  solids 
also  varies  with  discharge,  timing  of  the  sample 
within  a storm  hydrograph,  and  the  interval  be- 
tween storm  events  (Walling  and  Webb,  1981;  Wil- 
liams, 1989). 


The  relationship  between  suspended  solids 
and  these  other  factors  are  rarely  consistent 
(Ketcheson,  1986),  and  this  inconsistency,  when 
combined  with  the  range  of  natural  sediment- 
producing  events,  results  in  a high  degree  of 
variability  within  storms  and  between  years  (Sul- 
livan, 1985;  Rieger  and  Olive,  1986).  Documenta- 
tion of  a statistically  significant  change  in  sediment 
concentrations  or  annual  sediment  load  as  a result 
of  management  activities  requires  a substantial 
commitment  of  human  resources  and  a safe  loca- 
tion for  sampling  high  flow  events.  Using 
automated  pump  samplers  can  reduce  staff  time, 
but  the  problems  associated  with  nozzle  placement 
and  design  may  hinder  data  interpretation 
(Thomas,  1985).  The  quality  of  data  from 
automated  samplers  can  be  improved  by  using 
flow-weighted  rather  than  time-proportional  sam- 
pling (Thomas,  1985,  1988),  but  it  is  unrealistic  to 
expect  detection  of  a 10  or  20  percent  change  in  the 
annual  suspended  sediment  load  (see  Ketcheson 
1986). 

It  is  much  more  feasible  to  detect  a 10  to  20  per- 
cent increase  above  background  when  single  sites 
are  being  monitored  during  relatively  constant  or 
low  flows.  For  example,  small  changes  in  turbidity 
or  suspended  solids  because  of  bridge  construc- 
tion, gravel  mining,  or  similar  activities  can  be 
detected  more  easily  when  background  levels  are 
very  low.  In  such  cases,  the  typical  monitoring 
design  is  a direct  comparison  of  upstream  and 
downstream  locations;  however,  it  should  be  noted 
that  the  lack  of  replication  limits  the  extent  to 
which  cause-and-effect  can  be  statistically  inferred 
(Hurlbert,  1982).  Previous  experience,  professional 
judgement,  and  qualitative  observations  might  in- 
dicate that  a particular  activity  is  causing  the  ob- 
served change,  but  upstream-downstream 
comparisons  are  subject  to  exactly  the  same  statisti- 
cal limitations  as  paired  watershed  experiments 
(MacDonald  et  al.  1991). 

Bedload 

Problems  of  spatial  and  temporal  variability  are 
even  more  severe  in  the  case  of  bedload  monitor- 
ing. Research  has  repeatedly  demonstrated  — at 
least  for  gravel-bedded  streams  that  are  prime  fish 
habitat  — that  bedload  movement  is 

• highly  variable  over  very  short  time  periods 
(Gomez  et  al.  1989), 

• often  relatively  rare  (King,  1989),  and 

• poorly  correlated  with  discharge  (Carey 
1985;  Sidle,  1988). 
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The  accuracy  of  the  most  common  bedload 
sampling  technique  — Helley-Smith  samplers  with 
a 7.6-cm  square  opening  — varies  with  the  particle- 
size  distribution  of  the  material  being  transported 
(Emmett,  1980).  This,  together  with  the  spatial  and 
temportal  variability  of  bedload  movement,  means 
that  standard  bedload  sampling  techniques  cannot 
be  assumed  to  accurately  measure  bedload  move- 
ment (Hubbell,  1987).  Hence,  most  attempts  to 
gather  reliable,  quantitative  data  on  total  bedload 
transport  or  sediment  yield  must  be  regarded  with 
considerable  skepticism  (Gomez  et  al.  1990). 


Alternative  Monitoring  Strategies 

Channel  Morphology 

Problems  with  directly  monitoring  sediment 
production  and  yield,  when  combined  with  the 
limited  resources  available  for  most  monitoring 
projects,  suggest  that  surrogate  measures  should  be 
considered.  The  basic  concepts  of  fluvial  geomor- 
phology imply  that  selected  channel  measurements 
could  both  indicate  and  partially  explain  changes 
in  the  balance  between  runoff  and  sediment  as  a 
result  of  management  activities.  Grant  (1987)  sug- 
gested that  effects  of  forest  harvest  on  peak  flows 
could  be  evaluated  in  a physically  meaningful  way 
by  relating  peak  flow  increases  to  the  movement  of 
bed  material  and  thence  to  channel  structure  and 
channel  stability.  An  adaptation  of  his  logic  to  sedi- 
ment monitoring  is  presented  as  Figure  1.  Each  of 
these  links  must  be  addressed  if  a monitoring 
project  is  to  provide  definitive  results  and  be  used 
to  guide  future  management  activities. 

Although  the  logic  of  Figure  1 is  clear,  the 
selection  of  variables  for  monitoring  forest 
management  effects  on  coldwater  fisheries  is  still 
problematic  (MacDonald  et  al.  1991).  Different  na- 
tional forests  are  attempting  to  use  a variety  of 
variables,  including  pool-riffle  ratios,  embedded- 
ness, pool  volumes,  and  channel  cross-sections.  In 
the  Panhandle  National  Forest  a riffle  armor 
stability  index  is  being  tested  (Kapesser,  1992). 
These  efforts  are  hampered  by  the  absence  of  long- 
term data  sets  to  indicate  the  background 
variability  (Ziemer  and  Lisle,  1992)  and  the  need  to 
stratify  streams  for  comparison  purposes.  My  per- 
sonal view  is  that  no  one  variable  can  directly  link 
management  activities  to  changes  in  stream  chan- 
nel morphology;  in  most  cases,  at  least  two  interre- 
lated measurements  will  be  needed  to  understand 
the  physical  processes  causing  change.  Because  dif- 
ferent stream  types  will  respond  in  different  ways, 
or  perhaps  not  at  all,  a process-based  under- 


Figure  1. — Suggested  procedure  for  evaluating  effects 
of  forest  management  activities  on  sediment,  stream 
channels,  and  aquatic  ecosystems  (adapted  from  Grant, 
1987). 

standing  is  necessary  to  infer  the  cause-and-effect 
link  required  for  effective  management  decisions. 

Monitoring  channel  morphology  has  several 
advantages  over  the  direct  measurement  of  sedi- 
ment concentrations  or  sediment  flux.  Most  meas- 
urements can  be  made  annually,  which  can  greatly 
reduce  costs.  Measurements  often  can  be  made 
during  low-flow  months  when  access  is  less  dif- 
ficult and  more  field  assistance  is  available.  Finally, 
changes  in  channel  morphology  can  more  easily  be 
related  to  the  designated  use  of  coldwater  fisheries. 
For  example,  an  increase  in  percent  fines  — as  was 
documented  on  the  South  Fork  of  the  Salmon  River 
(Megahan  et  al.  1980)  — can  be  related  to  the 
quality  of  spawning  habitat.  A reduction  in 
residual  pool  depth  or  the  amount  of  large  woody 
debris  can  be  directly  related  to  the  amount  of 
cover  and  quality  of  rearing  habitat  (MacDonald  et 
al.  1991). 

One  disadvantage  of  monitoring  channel  mor- 
phology is  the  disruption  caused  by  extreme 
natural  events,  such  as  large  floods  and  debris 
flows  (Benda,  1990).  A procedure  is  needed  for 
comparing  the  impact  of  these  highly  disruptive 
but  rare  events  to  the  more  continuous  impact  of 
management  acitivities.  A second  disadvantage  of 
monitoring  channel  morphology  is  that  severe  im- 
pairment may  already  be  occurring  by  the  time  ad- 
verse changes  are  detected.  Since  full  recovery 
could  take  years  or  decades,  there  is  a strong  need 
for  accurate  predictive  tools. 
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Unfortunately,  much  of  the  knowledge  regard- 
ing the  use  of  channel  measurements  for  monitor- 
ing is  scattered  throughout  the  literature  or 
available  only  as  unpublished  reports  from  dif- 
ferent agencies.  MacDonald  et  al.  (1991)  sum- 
marizes some  of  the  key  literature,  but  much  more 
experience  exists,  and  this  could  help  guide  future 
work.  It  may  be  worthwhile  to  convene  a special 
working  group  to:  (1)  compile  and  synthesize  this 
information,  and  (2)  make  recommendations  for 
monitoring  projects  and  future  research. 

Biomonitoring 

A second  alternative  to  directly  measuring  sedi- 
ment is  to  monitor  the  stream  biota.  Current  EPA 
regulations  require  States  to  adopt  qualitative 
biologic  criteria.  A longer-term  objective  is  to 
develop  quantitative  biologic  criteria. 

In  terms  of  procedures,  the  most  straightfor- 
ward approach  — monitoring  coldwater  fishes  — 
is  not  an  easy  task.  Among  other  problems, 
coldwater  fish  are  highly  mobile,  difficult  to  count, 
and  subject  to  a variety  of  external  factors  over 
which  researchers  often  have  little  control  or  ac- 
curate knowledge.  Fishing  pressure,  hydroelectric 
dams,  mixing  of  hatchery  and  wild  stock,  and 
ocean  mortality  all  hamper  the  establishment  of  a 


direct  link  between  fish  populations  and  forest 
management  activities.  EPA's  Rapid  Bioassessment 
Protocols  establish  procedures  that  assess  from  two 
to  five  levels  of  impairment  based  on  fish  or  macro- 
invertebrate sampling  (U.S.  Environ.  Prot.  Agency, 
1989),  but  these  procedures  need  to  be  adapted  and 
validated  for  different  areas  and  stream  types 
(MacDonald  et  al.  1991).  Overall,  biomonitoring  is 
an  area  of  active  research  and  controversy,  but  also 
one  with  some  promise  (Cullen,  1990). 


Scale  Considerations 

A critical  concern  in  sediment  monitoring  is  the 
location  of  sampling  sites  within  the  stream  net- 
work, as  this  can  greatly  affect  the  results.  Prelimi- 
nary work  (MacDonald,  1989)  demonstrated  the 
effects  of  dilution  on  the  percent  change  in  annual 
water  yield  and  sediment  concentrations  according 
to  stream  order  (Figs.  2,  3).  These  simulations  ap- 
plied real  data  to  a hypothetical  fifth-order  basin 
where  first-order  catchments  were  clear-cut  on  an 
80-year  cycle.  Results  showed  that  the  magnitude 
of  change,  and  hence  the  likelihood  of  detecting 
change,  varied  by  several  orders  of  magnitude 
depending  upon  where  the  measurements  were 
made. 


Limit  of 
Detection 


First-order  stream 

Second-order  stream 


Third-order  stream 
Fourth-order  stream 


Figure  2. — Modeled  increase  In  annual  water  yield  by  stream  order  because  of  clear-cutting 
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Figure  3. — Modeled  Increase  In  sediment  yield  by  stream  order  because  of  clear-cutting  and  road  building.  Dispersion 


and  storage  are  not  considered. 

Sediment  storage  is  another  important  factor 
that  is  highly  scale-dependent  and  must  be  explicit- 
ly considered  when  designing  monitoring  projects. 
Generally,  many  times  more  sediment  is  stored 
within  the  stream  channel  than  is  delivered  as  sedi- 
ment yield  at  the  basin  outlet  (Megahan,  1982). 
This  storage  effect  further  diminishes  the  effects  of 
upstream  management  activities  on  downstream 
sediment  concentrations  and  creates  a time  lag  of 
uncertain  length  between  sediment  production  and 
sediment  yield.  Given  the  short  duration  of  most 
monitoring  projects,  these  considerations  again 
suggest  that  results  will  be  highly  dependent  on 
the  sampling  location  within  the  stream  network. 

The  ability  to  detect  a change  in  sediment  con- 
centrations is  also  a function  of  the  natural 
variability  and  measurement  uncertainty.  In  theory, 
natural  variability  should  decline  in  the  down- 
stream direction,  and  this  tendency  may  partially 
compensate  for  the  dilution  and  storage  effects 
mentioned  above.  Measurement  uncertainty  is  a 
fourth  factor  that  affects  the  ability  to  detect 
change.  These  four  factors,  when  combined  with  a 
specific  sampling  scheme,  will  determine  the  mini- 
mum detectable  effect  (Fig.  4).  A quantitative  un- 
derstanding of  each  of  these  four  factors  is  basic  to 
monitoring  sediment  concentrations  and  sediment 
flux,  but  a rigorous,  quantitative  analysis  has  not 
yet  been  conducted.  Evaluation  of  the  minimum 
detectable  effect  for  sediment  monitoring  should 
therefore  be  a high  priority  for  research. 


Dilution  Effects 


+ 


Storage  Effects 


+ 


Annual  Variability 


+ 


Measurement  Uncertainty 


v 

Minimum  Detectable  Effect 

Figure  4.— Considerations  of  scale  and  uncertainty  In 
sediment  monitoring. 
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Summary 

At  present,  relatively  few  State-established  criteria 
have  been  developed  that  are  useful  for  monitoring 
the  effects  of  forestry  activities  on  streams.  Direct 
monitoring  of  changes  in  suspended  sediment  and 
bedload  is  difficult  because  of  high  natural 
variability  over  time  and  space,  but  the  implica- 
tions of  these  factors  for  detecting  change  seem  not 
to  have  been  explicitly  considered  in  regulations  or 
most  monitoring  plans.  There  is  a strong  need  to 
quantitatively  investigate  the  implications  of  dilu- 
tion, storage,  variability,  and  measurement  error 
with  regard  to  the  detection  of  change  and  location 
of  monitoring  sites. 

Alternatives  to  the  direct  monitoring  of  sedi- 
ment include  biomonitoring  and  measurements  of 
channel  morphology.  Advantages  of  the  latter  ap- 
proach include  reduced  sampling  frequency  and 
the  ability  to  infer  management-induced  changes 
in  discharge  and  sediment  yield  from  the  observa- 
tions of  channel  morphology.  Changes  in  channel 
morphology  can  then  be  linked  to  the  designated 
use  of  coldwater  fisheries  in  a physically  realistic 
manner.  Biomonitoring  is  more  easily  related  to  the 
designated  beneficial  use,  but  it  may  be  more  dif- 
ficult to  link  the  observed  changes  to  specific 
management  activities.  Considerable  experience 
will  be  needed  to  determine  the  best  approach  for 
either  alternative.  Simple,  universally  applicable 
procedures  will  remain  the  Holy  Grail  of  monitor- 
ing. 
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Developing  a monitoring  project 

Lee  H.  MacDonald 


Monitoring  means  "to  watch  or  check 
on”  (9)  In  resource  management, 
monitoring  is  an  essential  step  from 
both  a resource  and  a legal  perspective  ( 5, 
6.  7,  10).  In  particular,  monitoring  is  essen- 
tial to  evaluate  management  effects  on  a 
given  resource:  justify  the  expenditure  of 
funds  for  pollution  control,  alternative  re- 
source management  practices,  and  restoring 
degraded  resources:  optimize  the  allocation 
of  funds  among  management  alternatives: 
increase  our  understanding  of  the  systems 
being  monitored,  particularly  their  temporal 
and  spatial  variability;  and  document  com- 
pliance with  regulatory  requirements. 

If  our  primarv  concern  is  water  quality, 
for  example,  monitoring  is  used  to  evaluate 
compliance  with  water  quality  standards  and 
the  effects  of  management  activities  on 
water  quality  (3.  4.  5).  If  water  quality  is  not 
satisfactory,  a strategy  must  be  developed  to 
reduce  incoming  pollutants,  and  monitonng 


often  coupled  with  modeling  — is  essential 
to  determine  the  most  cost-effective  ap- 
proach. Thus,  monitonng  is  essential  to  re- 
sponsible, effective,  and  efficient  resource 
management,  and  monitoring  is  increasingly 
a required  component  ot  water  pollution 
control  programs  (e.g.,  5.  6) 

Nevertheless,  remarkably  little  attention 
has  been  given  to  the  explicit  and  iterative 
process  necessary  for  the  efficient  design 
and  execution  of  monitoring  projects.  Boyn- 
ton (2)  developed  a stepwise  process  ot 
preparing  water  quality  surveillance  plans 
based  on  his  experience  with  the  U.S.  Forest 
Service  in  California.  Similar  but  more  exten- 
sive guides  to  developing  water  quality 
monitoring  plans  have  been  developed  for 
the  U.S.  Forest  Service  U5.  16)  and  the  U.S. 
National  Park  Service  {ID.  Although  these 
guides  were  specific  to  agency  needs,  each 
emphasized  the  importance  ot  a conscious, 
rigorous  procedure  for  developing  and  exe- 


Photo  above 
Students  measuring 
discharge  and  channel 
characteristics  in  the  Little 
South  Fork  of  the  Poudre 
River.  Colorado 
Measurements  by 
successive  classes  can 
yield  monitoring  data  if 
data  collection  techniques 
are  consistent  over  time. 
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variability  and  provide 
quality  assurance/quality 
control 
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Figure  1.  Flow 
chart  tor 
developing  a 
monitoring  project. 


cuting  monitoring  projects. 

A workshop  at  the  East-West  Center  in 
1986  developed  guidelines  for  surveying  and 
monitoring  watersheds.  The  primary  focus 
was  on  the  acquisition  of  statistically-sound 
information  in  a cost-effective  manner  (14). 
Statistical  aspects  of  designing  monitoring 
networks  are  discussed  in  more  detail  in 
Sanders  et  al.  (17)  and  Ward.  Loftis,  and 
McBride  (21).  Brooks  et  al.  (3)  discussed  the 
role  of  monitoring  and  evaluation  within  the 
context  of  watershed  management  projects. 
Stednick  (20)  also  briefly  discussed  the  de- 
sign of  water  quality  monitoring  projects  in  a 
recent  manual  on  wildland  water  quality 
sampling  and  analysis. 

A more  detailed  procedure  for  designing 
and  executing  monitoring  projects  was  de- 
veloped by  MacDonald.  Smart,  and  Wissmar 
( 13).  Ostensibly  this  was  specific  to  monitor- 
ing the  effects  of  forestry  activities  on 
streams  in  the  Pacific  Northwest  and  Alaska. 


but  the  high  level  of  interest  in  this  publica- 
tion suggested  that  the  basic  principles  were 
more  broadly  applicable. 

In  the  last  two  years,  the  author  has  led 
workshops  on  monitoring  in  nine  Western 
states,  participated  in  several  other  work- 
shops and  conferences  on  monitoring  (e.g., 
12).  and  prepared  a guidance  document  on 
the  inventory  and  monitoring  of  water  re- 
sources for  the  National  Park  Service.  These 
workshops  and  discussions  have  verified  the 
validity  and  broader  applicability  of  the 
basic  procedure  outlined  in  MacDonald. 
Smart,  and  Wissmar  ( 13),  while  suggesting 
some  additional  points  and  refinements.  The 
recently  published  evaluation  of  the  Experi- 
mental Rural  Clean  Water  Program  ( 7)  pro- 
vides independent  support  for  many  of  the 
concepts  which  led  to  the  development  of  ' 
this  paper. 

The  purpose  of  this  article  is  to  present  a 
revised  and  more  generally  applicable  pro- 
cedure for  designing  and  implementing 
monitoring  projects.  By  definition  a monitor- 
ing project  consists  of  measuring  selected 
variables  in  time  and  space  in  order  to  diag- 
nose change.  Cause-and-effect  generally 
cannot  be  proven  due  to  a lack  of  random-  a 
ly-allocated  treatments  and  controls,  but  may  ^ 
be  inferred  by  linking  changes  in  water 
quality  to  changes  is  land  treatment  (19) 
The  complexities  of  natural  systems  causes 
monitoring  to  be  a difficult  compromise  be- 
tween what  is  feasible  and  what  is  desirable. 
Hence,  a conscious,  explicit  process  is  need- 
ed to  formulate  monitoring  projects  which 
minimize  costs  while  still  having  a relatively 
high  likelihood  of  providing  the  desired  in- 
formation ( 3 ■ 17.  21). 

All  too  often,  monitoring  projects  are  initi- 
ated with  a minimum  of  forethought,  and  re- 
sult in  a collection  of  poorly-documented 
data  which  are  never  analysed,  provide  little 
or  any  feedback  to  resource  managers,  and 
contribute  little  or  nothing  to  our  under- 
standing of  the  systems  being  monitored 
This  wastes  time  and  resources,  and  implies 
that  we  ll  keep  making  the  same  mistakes. 

It  is  important  to  note  that  the  procedure 
discussed  here  is  most  applicable  to  more 
quantitative  and  rigorous  monitoring  pro- 
jects. Qualitative,  "walk-in-the-rain"  monitor- 
ing can  be  very  effective  in  terms  of  identi- 
fving  key  processes  and  problem  areas  ( 12). 
but  a more  rigorous  and  quantitative  ap- 
proach will  typically  be  required  for  regula- 
tory compliance  and  to  justify  substantial 
changes  in  management  practices.  Probably 
the  most  effective  approach  is  to  use  qualita-  A 
me  observations  to  help  design  and  check® 
on  the  applicability  of  quantitative  observa- 
tions t 12)  Bauer  suggests  a reconnaissance 
to  assess  condition  and  define  issues  prior  to 
initiating  a monitoring  project  ( 1). 
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Design  of  a monitoring  project 

The  key  steps  in  the  design  and  execution 
of  a monitoring  project  can  be  summarized 
as  follows: 

(1)  propose  general  objectives; 

(2)  define  approximate  budget  and  per- 
sonnel constraints; 

(3)  review  existing  data; 

(4)  define  specific  ojectives  and  hypotheses; 

(5)  determine  variables  to  be  monitored, 
sampling  locations,  sampling  procedures, 
and  analytic  techniques; 

(6)  evaluate  hypothetical  or  a comparable 
set  of  real  data; 

(7)  reassess  the  specific  objectives  and 
compatibility  with  available  resources; 

(8)  initiate  monitoring  on  a pilot  basis; 

(9)  analvze  and  evaluate  data  from  the 
pilot  project; 

(10)  reassess  monitoring  objectives  and 
compatibility  with  existing  resources,  and 
modify  the  monitoring  project  as  appropriate; 

(11)  continue  monitoring; 

(12)  prepare  regular  reports  and  recom- 
mendations. 

This  process  is  shown  schematically  in 
Figure  1.  The  figure  is  schematic  in  nature 
because  it  shows  only  a tew  of  the  most  im- 
portant feedback  loops,  and  it  indicates  the 
process  is  linear  and  stepwise.  In  practice, 
the  key  steps  are  often  not  nearly  as  distinct 
and  sequential.  Decisions  made  at  one  step 
often  have  repercussions  for  other  compo- 
nents of  the  monitoring  project,  and  these 
repercussions  may  in  turn  force  a reassess- 
ment of  previous  steps. 

It  also  is  not  necessary  that  every  step  be 
done  in  exactly  the  order  indicated.  The  ac- 
tual process  will  vary  among  agencies  and 
the  broader  context  of  the  monitoring  pro- 
ject, i.e.,  is  the  project  part  of  a court-man- 
dated evaluation  of  an  entire  nver  basin  or 
an  internal  review  of  a particular  manage- 
ment activity?  The  key  point  is  that  each  step 
must  be  explicitly  addressed.  Failure  to  do 
so  almost  inevitably  causes  difficulties  later 
on,  as  the  project  doesn't  meet  the  objec- 
tives of  a key  user  group  or  has  basic  flaws 
in  its  design.  It  is  my  hope  that  this  paper 
will  lead  to  improved  monitoring  by  setting 
out  the  key  steps  to  developing  and  imple- 
menting a successful  monitoring  project. 

The  following  sections  provide  the  ratio- 
nale for.  and  a description  of,  each  step  in 
the  monitoring  process. 

Propose  general  objectives.  The  first 
step  is  to  identify  the  general  objectives. 
This  is  best  done  by  managers  in  consulta- 
tion with  technical  staff.  Managers  should 
play  the  lead  role  as  they  are  responsible  for 
setting  priorities  and  achieving  resource 
management  objectives.  However,  the  man- 
agers must  consult  with  the  technical  spe- 


Figure  2.  The 
monitoring  feedback 
loop. 


cialists  so  that  the  former  are  fully  aware  of 
the  resource  management  issues  and  the 
role  of  monitoring  in  facilitating  effective 
and  responsible  resource  management  (2). 

There  are  several  reasons  why  a manager 
should  take  the  lead  in  defining  the  general 
objectives  of  a monitoring  project.  First,  by 
helping  to  define  the  project  the  manager  is 
effectively  buying  into  the  project,  and  the 
manager  is  then  more  likely  to  provide  con- 
tinuing financial  support  ( 7).  Second,  if  the 
manager  plays  the  lead  role  in  defining  the 
objectives,  the  project  is  more  likely  to  pro- 
vide useful  information  to  guide  management 
actions  rather  than  focussing  on  the  particular 
interests  of  the  technical  specialist  (J.  Rector. 
USFS.  pers.  comm.,  1992).  Finally,  the  manag- 
er will  be  aware  of  the  project  and  expect 
some  results;  this  will  help  ensure  that  the 
feedback  to  managers  actually  takes  place 
(i.e.,  data  are  analysed,  reports  are  prepared, 
and  recommendations  are  made  and  passed 
on  to  management)  (Figure  2). 

Define  personnel  and  budgetary  con- 
straints. Once  the  general  objectives  have 
been  identified,  the  next  step  is  to  define  the 
approximate  personnel  and  budgetary  con- 
straints. This  step  is  necessary  to  ensure  that 
the  subsequent  monitoring  plan  is  realistic. 
Again  managers  should  play  the  lead  role,  as 
they  must  allocate  the  resources  for  execut- 
ing a monitoring  project.  In  simple  terms, 
are  you  planning  a five-year,  multimillion 
dollar  project,  or  is  there  only  a part-time 
technician  available  for  the  summer  field 
season?  These  basic  resource  allocation  deci- 
sions must  be  made  by  managers  iather  than 
technical  specialists. 

Evaluate  existing  information  and 
data.  At  this  point  the  technical  specialist 
takes  over  the  lead  role  in  formulating  the 
monitoring  project.  The  first  task  is  to  evalu- 
ate existing  knowledge  about  the  resource 
and  to  collect  existing  data.  If  past  data  are 
available,  changes  over  time  can  be  assessed 
if  the  same  measurement  techniques  and 
sampling  locations  are  employed  If  past 
data  are  unavailable,  there  is  greater  flexibil- 
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Figure  3.  iry  in  the  selection  of  monitoring  parameters, 

The  communication  pipeline.  sampling  locations,  and  measurement  proce- 
dures. A review  of  past  studies  and  monitor- 
ing projects,  including  unsuccessful  efforts, 
is  important  to  avoid  repeating  mistakes  and 
to  minimize  the  learning  curve  associated 
with  all  monitoring  projects.  A review  of 
other  work  also  can  indicate  the  magnitude 
of  the  spatial  and  temporal  variability  of  the 
systems  to  be  monitored,  and  this  is  neces- 
sary to  determine  the  level  of  change  which 
can  be  statistically  detected  {13,  14). 

Formulate  specific  objectives.  The  next 
step  is  to  formulate  the  specific  objectives  of 
the  monitoring  project.  Experience  suggests 
that  this  is  the  most  important  and  most  dif- 
ficult step  in  the  entire  monitoring  process 
(2,  12,  16). 

Managers  and  technical  staff  should  work 
together  to  ensure  that  the  specific  objec- 
tives are  both  technically  and  financially  fea- 
sible. The  importance  of  this  interaction  is 
often  overlooked,  and  a failure  in  communi- 
cation between  the  manager  and  the  techni- 
cal specialist  can  lead  to  a variety  of  prob- 
lems (Figure  3).  In  particular,  the  manager 
must  be  aware  of  the  uncertainty  and  limita- 
tions inherent  in  the  monitoring  project, 
while  the  technical  specialists  must  ensure 
that  the  monitoring  project  provides  the  in- 
formation neccessary  for  effective  resource 
management  and  protection.  Input  from 
both  the  managers  and  the  specialists  is 
needed  to  achieve  the  proper  balance  be- 
tween the  need  for  more  data  and  the  cost 
of  acquiring  those  data. 

In  most  cases  the  technical  specialist  will 
take  the  lead  role  in  formulating  the  specific 
objectives  because  the  specialist  is  more  famil- 
iar with  previous  monitoring  efforts,  the  tech- 
nology of  monitoring  natural  resources,  and 
the  behavior  of  the  resource  to  be  monitored. 

A clear  definition  of  objectives  is  crucial 
because  the  objectives,  if  sufficiently  specif- 
ic, should  largely  define  the  variables  to  be 
monitored,  the  frequency  and  location  of 
sampling,  the  data  analysis  techniques,  and 
the  duration  of  the  monitoring  project. 
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strips  in  protecting  water  quality”  or  “the  ef- 
fects of  visitors  to  Yosemite  National  Park  on 
water  quality  in  the  Merced  River"  provide 
little  guidance  on  what,  where,  and  when  to 
monitor.  In  all  cases  it  is  necessary  to  define 
as  specifically  as  possible  the  resource  of 
concern  and  the  processes,  natural  or  man- 
induced,  which  are  the  most  likely  causes  of 
change  {16).  This  definition  immediately 
clarifies  what  should  be  monitored  as  well 
as  the  frequency,  timing,  and  location  of 
measurements.  Figure  4 illustrates  how  the 
general  concern  about  the  effects  of  buffer 
strips  on  water  quality  provides  very  little 
guidance  for  monitoring,  whereas  more  fo- 
cussed questions  lead  to  specific,  well-de- 
fined monitoring  projects. 

Defining  the  monitoring  objectives  as  spe- 
cific hypotheses  helps  focus  the  design  of  a 
monitoring  project.  Putting  the  objectives  in 
the  form  of  hypotheses  also  forces  one  to 
explicitly  consider  the  statistical  trade-offs 
and  data  analysis  procedures  discussed 
below.  For  management  purposes,  data  on 
the  cause  of  an  observed  change  are  just  as 
critical  as  the  data  used  to  document  a 
change  in  the  resource  of  concern  ( 7,  19). 

Determine  variables,  sampling  fre- 
quency, sampling  location,  and  analytic 
procedures.  Once  the  specific  objectives 
have  been  formulated,  the  next  step  is  to  se- 
lect the  variables  to  be  monitored,  define 
sampling  frequency  and  locations,  establish 
measurement  protocols,  and  specify  sample 
and  data  analysis  procedures. 

Frequency,  duration,  and  location  of  mea- 
surements will  be  influenced  by  the  statisti- 
cal trade-offs  among  sample  size,  variability, 
confidence  level,  and  power  ( 13,  14).  Again 
these  decisions  should  follow  from  the  ob- 
jectives. Is  the  project  attempting  to  detect 
small  or  large  changes?  What  is  the  back- 
ground variability  of  the  sample  population? 
Which  variables  are  sensitive  indicators,  and 
in  which  geographic  locations  is  the  prob- 
lem or  issue  of  greatest  concern?  Answers  to 
these  questions  should  be  explicitly  stated 
in,  or  derived  from,  the  monitoring  objec- 
tives. Gale  et  al.  ( 7)  concluded  that  trends  in 
agricultural  nonpoint  source  pollution  are 
most  effectively  detected  by  frequently  sam- 
pling a small  number  of  key  variables. 

Quality  assurance  and  quality  control  pro- 
cedures must  be  established  to  assess  the  pre- 
cision and  accuracy  of  the  monitoring  data 
{21).  Explicit,  written  procedures  help  ensure 
consistency  in  the  data  and  lessen  the  depen- 
dence upon  one  or  two  individuals. 

Test  the  proposed  project  using  real 
or  hypothetical  data.  Probably  the  best 
means  to  evaluate  the  feasibility  of  the  ob- 
jectives is  to  develop  and  test  a set  of  hypo- 
thetical or  real  data.  This  is  rarely  done,  but 
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the  objectives  are  attainaoie.  ir  one  is  luh- 
cerned  about  the  effects  of  forestry  on  the 
amount  of  large  woody  debris  (LWD)  in 
stream  channels,  for  example,  one  might 
compare  the  amount  of  LWD  in  similar 
stream  types  in  harvested  and  unharvested 
areas.  This  sounds  relatively  straightforward, 
but  as  soon  as  one  is  in  the  field  a series  of 
questions  arise.  Should  one  measure  LWD  in 
terms  of  the  number  of  pieces  or  volume?  If 
one  is  counting  the  number  of  pieces  per 
unit  stream  length,  what  is  the  minimum 
size?  Does  one  count  pieces  lying  on  the 
banks,  and  if  so,  where  is  the  upper  bound- 
ary? How  should  one  count  accumulations 
of  LWD  such  as  beaver  dams  or  debris  jams? 
Should  a distinction  be  made  between 
branches,  boles,  and  root  wads,  or  between 
coniferous  and  deciduous  species?  This  step 
forces  one  to  define  the  experimental  unit 
and  population  of  interest,  and  thereby  en- 
sure that  the  data  collected  will  be  relevant 
to  the  problem  at  hand  ( 8). 

The  point  is  that  for  any  given  variable 
there  usually  is  considerable  scope  for  vary- 
ing the  frequency  and  location  of  measure- 
ments as  well  as  the  measurement  proce- 
dure. Such  issues  are  best  addressed  when 
formulating  the  monitoring  project  rather 
than  trying  to  deal  with  them  on  an  ad  hoc 
basis  during  data  collection  or  data  analysis. 
Sampling  protocols  can  greatly  affect  the  ac- 
curacy and  precision  of  the  data,  and  hence 
the  level  of  change  which  can  be  detected 
with  a specified  level  of  significance.  In  my 
opinion,  the  best  way  to  identify  and  ad- 
dress these  questions  is  to  take  a set  of  real 
or  imaginary  data  and  determine  whether 
those  data  meet  the  project  objectives. 

As  indicated  in  Figure  1,  such  questions 
may  lead  to  a reformulation  of  the  objec- 
tives, a change  in  the  variables  to  be  mea- 
sured, or  a change  in  sampling  design. 
Hence  this  step  is  a necessary  prelude  to  as- 
signing responsibility  for  each  component  of 
the  monitoring  project. 

Data  entry,  storage,  and  analysis.  An- 
other issue  which  is  commonly  ignored  in 
the  planning  stage  is  the  procedure  for  data 
entry,  data  storage,  and  data  analysis.  Moni- 
toring just  seven  variables  (e.g.,  discharge, 
pH,  conductivity,  nitrates,  phosphates,  and 
total  alkalinity)  at  four  locations  (e.g.,  two 
control  and  two  treated  sites)  on  a weekly 
basis  yields  nearly  1,500  data  points  per 
year.  In  most  cases,  several  years  of  pre-  and 
post-project  data  are  necessary  to  detect 
trends  (18).  Hence  one  must  plan  for  the 
entry,  error-checking,  storage,  and  analyis  of 
data  ( 7),  as  the  raw  data  generally  yield  little 
information  or  guidance. 

Inexpensive  personal  computers  and  soft- 


monitoring.) ^ ■ 

Specific  objectives: 

(1)  Are  buffer  strips  minimizing  increases  in  streamwater 
temperatures?  (Monitor  stream  temperature  during  summer 
low  flows  and  riparian  canopy  density.) 

(2)  Are  buffer  strips  minimizing  disturbance  of  the  stream 
channel?  (Monitor  channel  cross-sections  and  bank  stability 
on  an  annual  basis.) 

(3)  Are  buffer  strips  providing  for  the  future  recruitment  of 
large  woody  debris?  (Monitor  the  amount  of  large  woody 
debris  in  the  stream  channel  and  the  type  and  size  of  riparian 
vegetation  on  no  more  than  an  annual  basis;  use  growth 
models  to  predict  future  recruitment.) 

(4)  Are  buffer  strips  trapping  sediment  from  uplsope  areas? 
(Identify  and  monitor  the  primary  flow  paths  for  discharge  and 
sediment,  emphasizing  high  flow  events;  monitor  sediment  in 
the  stream  channel.) 


ware  programs  greatly  facilitate  data  storage 
and  analysis,  but  these  issues  still  must  be 
addressed  in  the  design  stage.  Often  the 
need  for  protocols  to  input,  check,  and 
archive  the  data  is  not  recognized  until  the 
data  begin  to  accumulate,  and  this  greatly 
increases  the  risk  that  the  data  will  simply 
be  filed  and  never  properly  analysed  or 
stored.  If  the  person  who  collected  the  data 
is  then  removed  from  the  project,  the  data 
probably  will  never  be  analysed  or  used.  In 
such  situations  it  becomes  very  difficult  to 
justify  the  collection  of  those  data,  and  such 
experiences  will  hinder  the  development  of 
future  monitoring  projects. 

Determine  the  costs  of  the  proposed 
project  If  the  specific  objectives  are  deter- 
mined to  be  feasible,  the  next  step  is  to  ob- 
tain a final  cost  estimate  in  terms  of  staff  time, 
equipment,  and  outside  expenditures.  Delay- 
ing the  final  cost  estimates  until  this  stage 
may  seem  peculiar,  but  the  advantages  are. 
first,  that  managers  have  already  bought  into 
the  project  by  helping  to  define  it,  making  it 
easier  to  obtain  the  necessary  support,  and, 
second,  the  monitoring  objectives  play  a 
more  prominent  role  in  guiding  the  design  of 
the  monitoring  plan,  rather  than  the  monitor- 
ing plan  being  primarily  a function  of  avail- 
able staff  and  expertise  (2,  16).  At  this  point 
the  relative  trade-offs  between  cost  and  addi- 
tional data  should  be  evident,  and  this  helps 
the  manager  to  make  an  informed  choice  be- 
tween costs  and  data.  Clearly  the  balancing  of 
monitoring  needs  and  objectives  is  an  itera- 
tive process,  and  this  is  the  reason  for  the 
feedback  loops  shown  in  Figure  1. 

If  the  proposed  monitoring  plan  substan- 


Figure  4.  Usefulness  of 
general  vs.  specific 
objectives  in  terms  of 
defining  a monitoring 
plan. 
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can  be  achieved  by  reducing  the  number  of 
sampling  sites,  reducing  the  number  of  vari- 
ables to  be  measured,  or  reducing  the  fre- 
quency of  sampling  (73).  The  danger  in  ad- 
justing sampling  intensity  rather  than  the 
objectives  is  that  expectations  will  remain 
unchanged  while  the  capability  or  sensitivity 
of  the  monitoring  project  is  reduced.  If  man- 
agers participate  in  the  planning  process, 
they  are  aware  of  how  reductions  in  the 
monitoring  budget  are  likely  to  alter  the 
breadth  and  reliability  of  the  anticipated  re- 
sults. Realistic  expectations  are  essential  to 
the  credibility  of  any  monitoring  project. 

Peer  review.  At  this  point  the  proposed 
monitoring  project  can  be  written  up  as  a 
monitoring  plan.  In  theory  the  monitoring 
activities  could  then  be  initiated  on  a pilot 
basis,  but  experience  has  shown  that  moni- 
toring plans  should  be  circulated  for  peer  re- 
view. Often  this  step  is  avoided  because, 
first,  it  further  delays  data  collection  and. 
second,  people  are  reluctant  to  have  their 
work  critiqued.  In  reality,  peer  review  helps 
ensure  that  the  proposed  project  is  realistic 
and  appropriate.  The  peer  review  process 
also  is  an  excellent  educational  tool,  as  it 
leads  to  an  exchange  of  ideas  and  a broad- 
ening of  one’s  perspective. 

Over  time,  peer  review  becomes  less 
stressful  as  people  recognize  their  own  limi- 
tations and  the  educational  benefits  of  peer 
review.  Even  more  importantly,  peer  review 
greatly  decreases  the  likelihood  of  serious 
problems,  and  helps  maximize  the  efficiency 
and  relevance  of  the  proposed  monitoring 
project.  These  potential  benefits  far  out- 
weigh any  delays,  and  this  is  why  peer  re- 
view should  be  regarded  as  an  essential  step 
in  designing  monitoring  projects. 

Pilot  project.  The  next  step  is  to  begin 
collecting  data,  but  the  first  phase  of  data 
collection  should  be  explicitly  designated  as 
a pilot  project  for  four  reasons.  First,  pilot 
projects,  by  definition,  have  the  flexibility  to 
adjust  sampling  procedures  and  locations  to 
the  variability  and  conditions  found  in  the 
held.  Inevitably  there  are  unforeseen  factors 
which  force  some  modifications  to  the  pro- 
ject. Second,  designation  as  a pilot  project 
helps  ensure  that  the  data  are  analysed  in  a 
timely  manner  Rapid  data  analyis  is  needed 
to  indicate  whether  the  project  is  feasible  as 
planned.  Third,  the  recognized  flexibility  of 
a pilot  project  makes  it  much  easier  to  modi- 
fy the  project  without  offending  the  original 
designerts).  Finally,  pilot  projects  force  more 
extensive  consultations  among  managers, 
technical  specialists,  and  technicians,  and 
this  helps  build  a team  approach  which  in 
turn  should  make  the  monitoring  project 


there  is  less  incentive  to  analyze  the  data  in 
a timely  manner.  Data  then  accumulate,  and 
it  may  be  several  years  before  somebody  re- 
alizes that  the  efficiency  and  quality  of  data 
collection  could  have  been  improved,  or 
that  the  original  monitoring  objectives  could 
not  be  achieved.  Such  projects  reflect  badly 
on  those  responsible,  and  make  managers 
skeptical  of  monitoring. 

Figure  1 indicates  the  pilot  phase  can  lead 
to  a revision  of  the  monitoring  project  or  to 
continued  monitoring.  In  most  cases  a pilot 
project,  if  properly  formulated,  will  result  in 
some  modifications  but  will  not  force  basic 
changes  in  the  project  design  or  objectives. 
Even  if  basic  changes  are  required,  it  clearly 
is  better  to  make  these  as  early  in  the  pro- 
ject as  possible. 

Continued  monitoring  and  data  analysis. 

Conclusion  of  the  pilot  phase  permits  the 
monitoring  project  to  move  into  the  regular 
data  collection  phase.  During  this  phase 
changes  in  data  collection  procedures  or 
sampling  locations  are  to  be  avoided,  as  this 
will  preclude  statistical  comparisons  and  the 
detection  of  change.  Timely  data  entry, 
error-checking,  and  annotation  of  the  data 
are  essential  because  memories  are  short 
and  personnel  change.  Unusual  or  inconsis- 
tent data  must  be  quickly  identified,  as  it 
may  be  possible  to  either  repeat  the  mea- 
surement or  identify  the  cause.  Any  informa- 
tion not  written  down  must  be  considered 
lost,  and  for  this  reason  data  collection  ef- 
forts should  be  documented  through  the  use 
of  field  books  and  written  protocols. 

Reports  and  recommendations.  The 
final  step  in  Figure  1 is  the  preparation  of 
reports  and  recommendations.  This  is  the 
proverbial  bottom  line,  as  in  this  step  moni- 
toring results  are  transformed  into  useful 
guidance  (Figure  2).  Report  content  and 
frequency  will  depend  on  the  objectives 
and  type  of  monitoring  project.  Since  these 
reports  will  be  the  primary  legacy  of  the 
monitoring  project,  they  must  clearly  spell 
out  the  objectives,  methodology,  results, 
and  conclusions. 

Although  it  may  not  be  possible  to  define 
a universal  format,  the  standard  scientific 
format  of  introduction,  methods,  results,  dis- 
cussion. and  conclusions  is  an  excellent 
start.  A good  monitoring  report  is  complete 
in  itself,  comprehensible  without  prior 
knowledge  of  the  project,  and  clear  and 
readable.  As  much  as  possible  the  raw  data 
should  be  presented  in  graphical  form  and 
not  simply  described  with  summary  statis- 
tics. A brief  paper  on  the  suggested  content 
and  format  ol  monitoring  reports  i.s  available 
from  the  author. 
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,>  pcci  icview  process  also  should  be  uti- 
lized in  this  phase.  Peer  reviews  helps  en- 
sure that  the  conclusions  and  recommenda- 
tions are  consistent  with  the  data  and 
communal  understanding  of  the  resource(s) 
being  monitored.  A qualified  statistician  also 
should  be  included  in  the  review  process  if 
the  project  includes  quantitative  data  analy- 
ses or  statistical  inferences.  Again  an  addi- 
tional benefit  of  the  peer  review  process  is 
that  it  helps  improve  one’s  own  skills  and 
knowledge,  and  this  ultimately  is  beneficial 
to  the  individual  as  well  as  the  resources  of 
concern. 

Conclusions 

Designing  a monitoring  project  requires 
considerable  effort  and  thought.  Often  there 
is  a reluctance  to  invest  much  time  in  the 
design  and  pilot  phases  because  of  the  per- 
ceived need  to  immediately  begin  collecting 
data.  In  such  cases  the  data  typically  are  the 
wrong  data,  incomplete,  or  from  the  wrong 
locations.  Having  learned  from  their  mis- 
takes, people  then  go  back  and  design  a 
more  efficient  and  effective  monitoring  pro- 
ject. In  view  of  the  limited  staff  and  re- 
sources available  for  monitoring,  it  is  uncon- 
scionable that  time  and  funds  be  spent  on 
poorly-designed  monitoring  projects  which 
will  not  faciliate  management  objectives  or 
increase  our  understanding  of  the 
resource(s)  being  monitored. 

The  development  and  execution  of  a 
monitoring  plan  must  be  viewed  as  an  ex- 
plicit, complex,  and  iterative  process.  Moni- 
toring is  a remarkable  difficult  task,  and  this 
stems  in  part  from  the  complexity  and  inher- 
ent variability  of  most  natural  resources. 
Defining  the  specific  objectives  is  the  most 
important  step  in  monitoring;  if  this  is  done 
properly,  the  chances  of  success  are  greatly 
enhanced. 
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INTERDISCIPLINARY  PROCESS  AND  PUBLIC 
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GAPS  AS  A TOOL 


RIPARIAN  MANAGEMENT 

SECTION  XI 


Global  Positioning  System 


( 


The  GPS  System 


User  segment 


Control  segment 


( 
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Space  Segment  Description 


• 24  satellites  - 4 per  orbit 

• 6 inclined  orbits  (1  revolution  in  12 
hours) 

• 20,200  km  (12,600  miles)  altitude 

• Dual  frequency  LI  and  L2 


Control  Segment  Description 

• 5 ground  monitor  and  upload  stations 
throughout  the  world 

• Managed  by  the  U.S.  Air  Force 

• Upload  broadcast  ephemerides  daily 

• Can  disable  & set  satellites  unhealthy 

• Can  degrade  accuracy  of  the  signals 


User  Segment  Description 

• U.S.  Military 

• Civilian  shipping 

• Scientific  high  accuracy  applications 

• Resource  managers  (GIS  data  capture) 

• Survey  and  mapping  control 


How  Does  GPS  Work? 


5 Steps  to  GPS 


Satellite  Ranging 

Measuring  the  distance  to  a satellite 

• Done  by  measuring  travel  time  of  radio 
signals 
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Speed-of-Light  Measurement 


• Measure  how  long  it  takes  the  GPS  signal 
to  get  to  us. 

• Multiply  that  time  by  186,000  miles  per 
second. 

► Time  (seconds)  X 186,000  = miles 

• If  you've  got  good  clocks,  all  you  need  to 
know  is  exactly  when  the  signal  left  the 
satellite. 


How  do  we  know  when  the  signal 
left  the  satellite? 

• Use  same  code  at  receiver  and  satellite. 

• Synchronize  satellites  and  receivers  so 
they  are  generating  the  same  code  at  the 
same  time. 


• Then  we  look  at  the  incoming  code  from 
the  satellite  and  see  how  long  ago  our 
receiver  generated  the  same  code. 


From  satellite 


n 


. Measure  time  difference 

between  same  part  of  code. 
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From  GPS  receiver 
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Why  a code? 

• Code  lets  you  jump  in  anywhere  along 
the  code. 

• Code  lets  all  the  satellites  operate  on 
the  same  frequency. 

• Code  gives  us  a way  to  increase  the 
signal-to-noise  ratio. 

► This  allows  the  satellites  to  operate  at  lower 
power  levels. 


Signal  Travel  Time  Measurement 


• To  determine  signal  travel  time  from  satellite, 
receiver  uses: 

► Signal  from  satellite  (each  unique) 

- Identical  signal  generated  in  receiver 

• Received  satellite  signals  are  time  shifted 

• Receiver  measures  time  shift 

• Time  shift  multiplied  by  speed  of  light  is  the 
pseudo  range 

• Pseudo  Range  is  the  range  to  the  satellite 
plus  clock  bias  error 


Travel  Time 


• The  Travel  Time  as  measured  is  called  the  Pseudo 
Range,  it  consists  of: 

► the  true  range 

► and  range  due  to  clock  error  (clock  bias). 
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Accurate  clocks  necessary  to 
measure  travel  time 

Making  sure  both  receiver  and  satellite  start  at 
same  time. 

• The  GPS  system  depends  on  very  accurate 
clocks 

► The  satellites  have  atomic  clocks 

► Ground  receivers  need  consistent  clocks 

• Absolute  accuracy  is  not  necessary  if  you  use 
geometry 

• Taking  the  fourth  ranging  measurement  cancels 
out  clock  errors 


Atmospheric  and  Ionospheric 

corrections 


• The  degree  to  which  the  ionosphere  affects  the  GPS 
signal  depends  on  the  angle  of  the  signal. 

• Ionospheric  errors  can  cause  position  uncertainties 
of  up  to  4 meters. 

• The  Pathfinder  uses  a mathematical  model  to  predict 

this  delay.  _ y 
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Knowing  where  the  satellites  are 

After  all,  they  are  12,600  miles  up 

• High  orbit 

► precise  injection 
- very  stable,  symmetric 

► no  atmospheric  drag 

• Monitored  by  Defense  Department 

► That's  why  not  in  geosynch  orbit  - fly  over  U.S. 
possessions  twice  a day 

► DoD  transmits  minute  corrections  back  to  satellite 

• Corrections  transmitted  from  satellites  to  us 

► status  message 


Triangulation 


• C/A  Code  position  is  determined  using 
Pseudo  Ranges  from  4 satellites. 

'f  ^ 
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How  Accurate  is  it? 


• Depends  on  some  variables 

► time  spent  on  measurement 

► design  of  receiver 

► relative  position  of  satellites 

• Sub-centimeter  accuracy  from  survey  products 

• Fifteen  to  fifty  meters  with  good  marine 
products 

• Two  to  five  meters  with  differential  GPS 

• Government  (DoD)  can  degrade  accuracy  if 
they  want  to  (S/A;  Selective  Availability) 


DOP  (Dilution  of  precision) 

• A DESCRIPTION  OF  THE  GEOMETRICAL 
CONTRIBUTION  OF  UNCERTAINTY  (ERROR)  TO  A 
POSITION 

• STANDARD  TERMS  FOR  GPS  APPLICATIONS  ARE 
* HDOP  = horizontal  dilution  of  precision 

- VDOP  = vertical  dilution  of  precision 

- PDOP  = position  dilution  of  precision 
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HDOP  (horizontal  dilution  of  precision) 


USING  SATELLITES  FROM 
ONLY  1 OR  2 QUADRANTS 
WILL  PROVIDE  A POOR 
HORIZONTAL  SOLUTION 
(HIGH  HDOP). 
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VDOP  (vertical  dilution  of  precision) 
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PDOP  (position  dilution  of  precision) 


PDOP  IS  THE  COMBINATION  OF  BOTH 
THE  HORIZONTAL  AND  VERTICAL 
COMPONENTS  OF  POSITION  ERROR 
CAUSED  BY  SATELLITE  GEOMETRY. 


PDOP  VALUES 
2 - 4 = EXCELLENT 
4 - 6 = GOOD 
6 - 8 = FAIR 
8 - 10  = POOR 
10-  12  = MARGINAL 
ABOVE  12  PDOP  IS 
TO  HIGH  DO  NOT  USE 
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Selective  Availability  (S/A) 

• The  Government  (DoD)  can  introduce 
artificial  clock  and  ephemeris  errors 
to  throw  the  system  off. 

• Prevents  hostile  forces  from  using  it. 

• When  operating,  it  is  the  worst 
source  of  error. 
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Error  Budget 


# Typical  observed  errors 

* sa*eWte  clocks  i meter 

* ephemeris  error  i meter 

► receiver  errors  2 meters 

* atm°spheric/iono  4 meters 

30  meters 


• Total  (rt.  sq.  sum)  4-10  meters 

* Then  multiply  by  PDOP  (usually  4-6) 
which  gives  a total  error  of: 


typical  good  receiver 
* worst  case 
- with  S/A 


18-30  meters 
60  meters 
110  meters 


Measurement  Precision 


• Measurement  precision 

* C/A  code  = 300  meters  in  range 

► P code  = 30  meters  in  range 

► Phase  measurement  = 18  centimeters  in 
range 

• 3D  code  position  capability  (1%  of  range) 

* C/A  code  = 8-50  meters 
- P code  = 3-15  meters 

► Phase  measurements  = 2-3  centimeters 
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Differential  Correction 


2A 


GPS  POSITIONING  ACCURACIES 
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Factors  Limiting  GPS  Field  Use 


Factors  beyond  the  control  of  user 

• Dense  Canopy 

• Steep  Topography 

• Large  and  Numerous  Structures 

• Microwave  Antenna  Within  1/4  Mile 
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GPS  PATHFINDER  Applications 
Area  & Line  Location  Examples 

• Timber  sale  boundaries 

• Road  or  trail  locations 

• Grazing  allotment  boundaries 

• Fire  perimeter  boundaries 

• Stream  channel  locations 

• Vegetation  zone  boundaries 

• Riparian  area  boundaries 


GPS  PATHFINDER  Applications 
Point  Location  Examples 


• Genetic  trees 

• Roosting  trees 

• Communication 
sites 

• Fire  tower  location 

• Instream  structures 


• Helispots 

• Section  corners 

• Search  and  rescue 

• Emergency  crew 
location 
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GPS  PATHFINDER  Applications 
Navigation  Examples 


I :W 


• Mountain  climbing 

• Locating  mapped 
features 

• Returning  to 
previous  GPS  sites 

» Fish  Finding 

• Channel  Navigation 


• Hunting 

• Corner  search 

• Search  and  rescue 
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Geographic  information  System 


• An  automated  system  that  inputs,  manages 
manipulates,  analyzes  and  displays 
geographic  data  in  digital  form  commonly 
referred  to  as  GIS 
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GIS  Terminology: 

LAYER:  Also  referred  to  as  THEME. 

A logical  separation  of  data  into 
categories.  Layers  usually  contain 
only  one  type  of  Feature,  like  soil 
types,  or  about  a group  of  related 
Features  such  as  utilities  (telephone, 
gas,  and  electric  lines). 

FEATURE:  Any  spatial  or  geographic 
object  that  can  be  described  on  a map. 

ATTRIBUTE:  A Features  descriptive 
information  or  characteristics. 
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i 

DATA  DICTIONARY:  A catalog  of  information 
about  the  definition,  structure  and  usage  of 
data. 

PATHFINDER  DATA  DICTIONARY:  A file  which 
contains  details  about  the  kinds  of  data  to  be 
collected  during  a project  or  job,  and  consists 
of  the  following  elements: 

1.  A list  of  Features. 

2.  For  each  Feature:  A list  of  attributes  (if  any) 

3.  For  each  Attribute:  A list  of  values  (if  any) 


32 


GIS  capture  with  the  GPS 
Pathfinder  Professional  System 

The  GPS  Pathfinder  Professional  captures  Features 
and  attribute  information  for  spatial  (positional)  data 

• The  recorded  GPS  positions  are  treated 
dependent  on  what  type  of  Feature  you 
assign. 

► Point  Feature  - Outputs  the  average  position  of  all 
positions  tagged  to  that  feature 

► Line  Feature  - Joins  each  GPS  position  together  in 
time  sequence,  and  outputs  the  lenght  of  the  feature 

► Area  (polygon)  Feature  - Joins  each  GPS  position 
together  in  time  sequence,  joins  the  last  point  to  the 
first  and  calculates  the  area  enclosed 
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The  Advantages  of  GIS  Data 
Capture  with  the  GPS 
Pathfinder  System 


• Allows  complete  definition  of  geographic 
features  prior  to  field  work 

• Stores  data  in  a GIS  compatible  format  during 
data  collection  and  on  the  PC 

• Generates  all  files  needed  to  drive  GIS  data 
loading 

• Allows  selective  output  to  GIS  based  on 
feature  name,  type  or  attribute 
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